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To  His  Excbllenct,  John  davis,  Esa- 
G&vernor  of  Massachusetts. 

I  HAYE  the  honor  to  present  you  with  the  second  edition  of  mj 
Report  on  the  Greology,  Mineralogy,  Botany  and  Zoology  of  the 
State,  published  in  conformity  to  a  Resolve  of  the  Legislature  of  the 
17th  Feb.  1834.  That  Resolve  did  not  allow  either  time  or'  means 
for  making  further  explorations  of  our  geology  and  mineralogy : 
nevertheless,  I  have  been  able  to  make  not  a  few  corrections  o( 
and  additions  to  the  first  edition.  The  most  important  and  extensive 
changes  will  be  found  in  the  Catalogues  of  our  Animals  and  Plants, 
embraced  in  the  Fourth  Part  By  the  great  kindness  and  effort  of 
the  gentlemen  who  furnished  these  Catalogues,  nearly  all  of  them 
have  been  re-written,-  and  several  of  them  nearly  doubled  in  extent. 
They  have  all  likewise  been  reduced  to  the  most  approved  and  correct 
classification,  and  are'now  printed  in  a  uniform  manner.  In  effecting 
these  objects,  I  have  been  greatly  aided  by  the  Bpston  Society  of 
Natural  History.  The  gentlemen  of  that  Society  who  have  assisted 
me  most,  are  Dr.  Charles  T.  Jackson,  in  the  department  of  geology 
and  mineralogy ;  Dr.  Augustus  A.  Gk>uld,  in  the  crustaceous  and 
radiated  animals;  Amos  Binney,E8q.,  inconchology ;  C.  C.  Emerson 
Esq.,  in  ornithology ;  and  Mr.  Moses  A.  Curtis,  in  Botany. 

Some  of  the  plates  of  the  Atlas  in  the  present  edition  have  been 
lithographed  anew;  and  the  geological  Map,  as  well  as  the  sketch 
of  autumnal  Scenery,  have  been  colored  with  more  care  than  in  the 
first  edition. 

Upon  the  whole,  I  cannot  but  hope  that  the  efforts  that  have  been 
made  (and  they  have  been  by  no  means  small,)  to  improve  the  Report, 
wOl  meet  the  approbation  of  the  Government ;  and  that  they  will 
regard  their  liberality  in  publishing  a  second  edition,  as  not  entirely 
unrewarded. 

.    Respectfully  Submitted, 

Edward  Hitchcock. 

Amherst  College,  Dec  1st,  1834. 
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INTRODUCTORY  OR  HISTORICAL  NOTE 


On  the  3d  of  March  1#36,  the  Legislature  of  Massachusetts  passed 
a  Resolre,  authorizing  and  requesting  the  Governor  with  the  advice 
of  the  Council,  *to  appoint  a  Surveyor  well  skilled  in  astronomy  and 
in  the  art  of  surveying  upon  trigonometrical  principles — ^to  make  a 
general  Survey  of  the  Commonwealth,  and  from  such  astronomical 
observations  and  calculations  as  may  be  made,  to  project  an  accurate 
skeleton  plan  of  the  State,  which  shall  exhibit  the  external  lines 
thereof  and  the  most  prominent  objects  within  those  lines  and  their 
locations.' 

In  Governor  Lincoln's  Message  to  the  Legislature  May  29tb,  1830, 
we  find  the  following  recommendation. 

*  I  beg  leave  to  suggest  to  your  consideration  the  utility  of  con- 
necting with  the  Geographical  Surveys,  an  examination  of  the  geo- 
logical features  of  the  State,  with  a  view  to  the  exhibition  of  them 
on  the  map.  Much  knowledge  of  the  natural  history  of  the  country 
would  thus  be  gained,  and  especially  the  presence  of  valuable  ores, 
with  the  localities  and  extent  of  quarries,  and  of  coal  and  lime  form- 
ations, objects  of  enquiry  so  essential  to  internal  improvements,  and 
the  advancement  of  domestic  prosperity,  would  be  discovered,  and  the 
postsession  and  advantages  of  them  given  to  the  public.  I  am  assured 
that  much  has  already  been  gratuitously  done,  by  some  emiuent 
professors  in  our  colleges,  towards  the  accomplishment  of  such  a 
work,  and  that,  at  a  little  expense,  it  migh^  be  completed,  and  the 
fruits  of  their  generous  labors  thus  far,  be  secured  to  the  State.  This, 
however,  will  require  the  interposition  of  your  authority  in  increasing 
the  present  appropriation,  and  permitting  an  application  of  it,  so  far 
as  may  be  necessary,  in  the  exercise  of  a  sound  discretion,  to  the  end 
proposed.' 

In  conformity  with  these  suggestions,  the  Legislature,  on  the  5th  of 
June,  1830,  •  Resolved,  That  his  Excellency  the  Governor,  by  and 
with  the  advice  of  the  Council,  be,  and  he  is  hereby  authorized  to  ap- 
point'some  suitable  person,  to  make  a  geological  examination  of  the 
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^^  INTRODVCTION. 

'  Resolved,  that  the  said  fire  hundred  copies,  when  published,  shall 
be  delivered  to  the  Secretary  of  the  Commonwealth,  and  be  distributed 
iu  the  following.manner,  viz. 

Twelve  copies  to  the  Governor ; 

Ten  copies  to  the  Surveyor ; 

One  copy  to  each  of  the  Chaplains  of  the  Senate  and  House  of 
Representatives ; 

One  copy  to  each  incorporated  Lyceum  and  Atheneum  in  this 
Commonwealth ; 

Two  copies  each  to  the  Berkshire  Medical  Institution,  and  the 
Massachusetts  Medical  College ; 

One  copy  to  each  member  of  the  Council,  Senate,  and  House  of 
Representatives,  who  was  not  a  member  of  either  of  those  branches 
of  the  government  for  the  last  year ; 

One  copy  to  each  of  the  permanent  Clerks  in  the  office  of  the  Sec- 
retary of  State,  Treasurer,  and  Adjutant  General ; 

Two  copies  to  the  Pilgrim  Society  at  Plymouth ;  and  the  remaining 
copies  to  be  disposed  of  in  such  manner  as  the  Legislature  may 
direct* 

A  more  particular  account  of  the  alterations  and  additions  made  in 
the  present  edition,  (which  is  the  second  edition  of  the  whole  work, 
and  the  third  edition  of  the  first  part,)  published  in  conformity  to  the 
last  of  the  preceding  Resolves,  will  be  found  in  the  address  to  Gk)V- 
ernor  Davis  a  few  pages  back. 

Enquiries  having  been  frequently  made  by  gentlemen  in  different 
parts  of  the  United  States,  as  to  th^  expense  of  this  Gkological  Survey 
of  the  State,  it  may  not  be  amiss  to  state,  that  the  sum  paid  for  making 
the  Survey,  preparing  the  Report,  and  collecting,  labelling,  and 
arranging  1 550  specimens  of  rocks  and  minerals  for  the  Government, 
and  about  900  specimens  for  each  of  the  three  Colleges  in  the  State, 
has  been  only  Two  Thousand  and  Thirty  Dollars.  It  was  on- 
ly by  rigid  economy,  and  laborious  industry,  however,  that  the 
expenses  have  been  kept  within  such  limits.  The  cost  of  print- 
ing the  several  editions  of  the  Report,  is  not,  of  course,  included 
in  the  above  estimate. 

The  Government  have  permitted  the  Boston  Society  of  Natural 
History  to  deposite  the  collection  of  specimens  above  spoken  of,  in 
their  beautiful  and  spacious  Cabinet ;  where  provision  has  been  made 
for  its  reception. 
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PART  I. 


ECONOMICAL    GEOLOGY, 


To  His  Excellency  Levi  Lincoln,  Es(^ 

Governor  of  Massachusetts. 

Haying  in  a  good  measure  executed  the  commission  received 
from  your  Excellency,  bearing  date  June  25,  IdSO,  and  directing 
me  to  make  a  geological  examination  of  the  Slate ;  I  beg  leave  to 
present  you  with  the  first  part  of  my  Report. 

My  commission  contemplates  an  exhibition  of  the  different  rock 
formations  in  the  State,  upon  the  Map  of  the  Commonwealth  now 
in  progress.  But  as  it  must  necessarily  be  a  period  of  considerable 
length  before  that  work  can  be  completed,  I  have  constructed  a 
small  map  from  such  materials  as  already  exist,  and  delineated 
upon  it  the  various  kinds  of  rock  that  prevail  in  the  State.  These 
are  shown  by  different  colors  and  simple  markings,  easily  under^ 
stood  by  reference  to  the  tablets  on  the  lower  part  of  the   sheet. 

To  avoid  confusion,  I  have  placed  on  this  Map  only  so  much  of 
topography  and  geography,  as  was  absolutely  necessary.  All  the 
mountains  and  smaller  rivers,  with  the  boundaries  of  the  towns, 
have  been  omitted  ;  the  center  of  each  town  being  indicated  by  a 
small  circle.  For  the  same  reason,  I  have  employed  only  six 
different  colors  to  mark  the  rocks  ;  although  more  than  twenty 
kinds  are  represented.  But  these,  with  a  few  exceptions,  may 
be  grouped  together,  as  they  are  in  nature,  in  general  divisions  ; 
the  rocks  in  each  division  being  so  intimately  related,  that  in  an 
economical  point  of  view,  they  may  be  regarded  as  varieties ; 
although,  in  a  scientific  point  of  view,  their  differences  are  very 
important.  All  the  rocks  of  a  group  have  a  common  color  on  the 
Map  ;  and  the  different  sorts  are  delineated  by  means  of  dots, 
crosses,  circles,  &c.  In  short,  it  has  been  a  great  object  with  me, 
so  to  simplify  the  Map  as  to  render  it  easily  intelligible ;  while  it 
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exhibits  all  that  is  important  to  the  practical  man,  as  well  as  to  the 
scientific  enquirer.  In  the  first  part  of  nny  Report;  I  shall  explain 
the  different  formations  on  the  Map,  only  so  far  as  shall  be  neces- 
sary in  illustrating  our  geology  with  reference  to  the  useful  arts ; 
reserving  the  most  important  scientific  remarks  to  a  subsequent 
period. 

It  will  be  seen  that  I  have  extended  the  Map  a  short  distance 
into  the  adjoining  states.  This  was  done  chiefly  with  a  view  to 
exhibit  certain  beds  of  ore,  or  other  interesting  minerals,  which 
occur  just  beyond  our  limits.  In  a  statistical  point  of  view,  these 
are  nearly  as  important  as  those  found  within  the  State ;  and  for 
this  reason  I  shall  notice  such  minerals  in  my  Report. 

In  laying  down  the  geology  of  the  eastern  part  of  Rhode  Island, 
I  have  been  much  assisted  by  the  communications  of  Col.  Joseph 
6.  Totten  of  Newport.  In  the  geology  of  Berkshire,  I  have 
been  greatly  aided  by  the  geological  map  of  that  county,  published 
a  few  years  since  by  Professor  Dewey. 

It  has  been  my  intention  to  give  to  each  rock  precisely  that 
relative  extent  on  the  Map  which  it  occupies  on  the  earth^s  sur- 
&ce.  To  do  this  with  perfect  accuracy^  over  an  extent  of  more 
than  seven  thousand  square  miles,  would  be  almost  an  endless 
task :  especially  when  we  recollect,  that  over  the  greater  part  of 
the  surface,  the  rocks  are  covered  by  loose  soil ;  so  that  in  some 
instances,  no  rock  in  place  shows  itself  to  the  traveller,  for  an  ex- 
tent of  thirty  or  forty  miles.  In  such  cases,  indeed,  thb  stratum 
of  sand,  clay,  and  gravel,  has  been  exhibited  under  the  name  of 
diluvium.  Still,  under  the  most  favorable  circumstances  for  ob- 
servation, the  effort  to  give  on  a  map  the  exact  boundaries  of  each 
particular  rock,  must  be  regarded  as  only  an  approximation  to  the 
truth.  Yet,  for  all  practical  purposes,  such  approximation  an- 
swers nearly  as  well  as  entire  accuracy.  If  I  have  not  misunder- 
stood my  commission  and  instructions,  I  was  to  have  principally 
in  view,  in  my  examinations,  practical  utility  ;  not  neglecting  bow- 
ever,  interesting  geological  facts,  which  have  an  important  bearing 
upon  science.  Under  such  impressions  I  have  gone  over  the  State 
as  rapidly  as  seemed  to  me  consistent  with  the  accomplishment 
of  these  main  objects.  In  attempting  to  construct  such  a  map  as 
is  appended,  in  the  time  that  has  been  devoted  to  the  survey,  I 
am  not  without  fears  that  I  shall  be  thought  to  have  aimed  at 
too  much  ;  or  that  it  will  be  supposed  little  dependence  can  be 
placed  upon  it.  Had  I  not  previously  become  acquainted  with 
the  geolog}'  of  nearly  one  half  the  State,  from  my  own  observa- 
tion, or  the  published  accounts  of  Professors  Dewey,  Webster,  and 
the  Danas,  I  should  not  have  been  able  to  accomplish  this  object. 
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with  any  confidence  in  the  correctness  of  the  results.  And  as  it  is, 
I  am  aware  that  the  Map  may  need  several  minor  alterations ; 
though  I  feel  quite  confident  of  the  correctness  of  i(s  leading  fea- 
tures. To  obtain  such  corrections  before  the  completion  of  the 
contemplated  map  of  the  State^  is  one  strong  inducement,  thus 
early  to  present  this  Report,  and  the  accompanying  Map.*  For, 
should  the  Report  in  any  way  be  made  public,  I  shall  hope  that 
gentlemen  of  intelligence,  in  dijOTerent  parts  of  the  State,  will  do 
me  the  favor  to  communicate  any  errors  or  omissions  which  they 
may  notice. 

I  propose  to  divide  my  Report  into  four  parts.  The  Jirst  part 
will  embrace  the  Economical  Geology  of  the  State  ;  or  an 
account  of  our  rocksi  soils,  and  minerals,  that  may  be  applied  to 
useful  purposes,  and  thus  become  sources  of  pecuniary  profit. 

The  second  part  will  embrace  our  Topographical  Geology; 
ot  an  account  of  the  most  interesting  features  of  our  scenery. 

The  third  part  will  consist  of  our  Scientific  Geology  ;  or 
an  account  of  our  rocks  in  their  relation  to  science. 

The  fourth  part  will  consist  of  catalogues  ^  of  the  native  min- 
eralogical,  botanical,  and  zoological  productions  of  the  Common- 
wealth,' so  far  as  they  can  be  obtained,  agreeably  to  a  resolve  of 
the  LfCgislature,  approved  by  your  Excellency,  February  S,  183L 
Several  gentlemen,  distinguished  for  their  attainments  in  natural 
history,  have  generously  offered  to  furnish  these  lists  in  those 
branches  with  which  they  are  most  familiar. 

To  illustrate  the  first  and  third  parts  of  the  Report,  I  have  in 
accordance  with  directions  firom  your  Excellency,  collected  speci- 
mens of  every  variety  of  rock  I  could  find  in  the  Common- 
wealth ;  and  in  all  cases  where  a  rock  is  quarried,  or  might  be 
quarried  in  several  places,  I  have  endeavored  to  obtain  specimens 
from  each  locality.  I  have  collected  likewise  all  the  ores  of  im- 
portance found  in  the  State,  as  well  as  the  other  simple  minerals, 
which  could  be  obtained  without  much  difficulty  or  delay.  I  did 
not  suppose  that  my  instructions  authorized  me  to  be  at  much  ex- 
pense and  trouble  in  procuring  every  rare  mineral  that  has  been 
described  as  occurring  in  the  State ;  although  thb  object  may  still 
be  accomplished,  if  I  have  mistaken  the  intentions  of  the  Govern- 
ment. The  collection  which  I  have  made  for  the  use  of  the 
Government  contains  1560  specimens.  I  do  not  know  to  what 
use  the  Government  intends  to  devote  this  collection.  But  sup- 
posing it  would  be  placed  in  some  public  situation,  in  order  to  ex- 
hibit to  the  citizens  the  geology  and  mineralogy  of  the  State,  I 

*Tbe  Geological  Map  contained  in  the  AUu  accompanied  the  firit  pari  of  thii 
Report  in  iU  first  edition,  bat  none  of  the  other  drawings. 
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have  endeavored  lo  obtain  from  all  the  important  quarries  and 
beds,  whence  stones  are  derived  for  the  purpose  of  architecture 
or  ornament,  specimens  which  would  fairly  exhibit  the  qualities 
and  value  of  each.  About  130  of  these  specimens  I  have  had 
polished,  or  smoothed  and  varnished,  in  order  to  bring  to  light 
their  real  qualities. 

I  have  also,  in  accordance  with  my  instructions,  endeavored  to 
collect  all  the  important  varieties  of  rocks  and  minerals  in  the 
State,  for  the  use  of  each  of  the  colleges  in  the  Commonwealth  : 
though  the  number  of  specimens  is  not  as  great  as  in  the  collec- 
tion for  government ;  amounting  to  a  little  more  than  900  speci- 
mens for  each  college. 

In  presenting  a  view  of  our  economical  geology,  I  shall  first 
make  a  few  remarks  upon  the  different  soils  found  in  the  State,  as 
connected  with  the  rocks  over  which  they  lie.  And  since  it  is  an 
acknowledged  fact,  that  all  soils  had  their  origin  in  the  disintegra- 
tion, or  decomposition  of  rocks,  it  might  seem  easy,  at  first  thought, 
to  ascertain  the  nature  of  the  soil,  if  we  know  the  integrant  and 
constituent  parts  of  the  rock  underneath  it.  Thus,  in  a  soil  lying 
fibove  granite,  we  might  expect  that  siliceous  sand  would  be  the 
predominant  ingredient ;  next,  clay,  with  small  quantities  of  pot- 
ash, lime,  magnesia  and  iron  ;  because  these  are  the  constituents 
of  granite.  But  several  causes  so  modify  soils,  as  to  render  all 
conclusions  of  this  kind  extremely  uncertain.  In  the  first  place, 
the  character  of  a  soil  depends  more,  in  general,  upon  the  nature 
and  amount  of  the  vegetable  and  animal  matters  it  contains,  tiian 
upon  the  nature  of  its  other  ingredients.  And  in  the  second 
place,  the  agency  of  running  water,  not  merely  of  existing  streams, 
but  of  mightier  cnrrents  to  which  the  surface  has  been  exposed 
in  early  times,  has  been  powerful  in  modifying  the  loose  coverings 
of  the  rocks.  This  aqueous  agency  has  often  covered  one  rock 
vnih  the  spoils  of  another ;  and  sometimes  mixed  together  the 
worn  off  fragments  of  half  a  dozen,  and  accumulated  them  in  im- 
mense quantities  in  particular  districts.  These  circumstances  have 
rendered  the  subject  under  consideration  an  extremely  diiScult 
one  ;  and  very  few  general  principles  have  yet  been  settled  con- 
cerning it.  Indeed,  so  far  as  I  know,  little  attention  has  been 
given  to  it  in  this,  or  other  countries.  Still,  there  is  such  a  thing 
as  peculiarity  of  soil,  occasioned  by  the  peculiarity  of  the  rock 
from  which  it  principally  proceeded.  I  shall  notice  any  peculiar- 
ities of  this  kind,  that  have  struck  me,  in  the  soils  of  Massachu- 
setts ;  but  I  shall  not  enjoy  much  advantage  from  comparison,  not 
having  found  but  few  observations  of  a  similar  kind,  made  on  the 
eastern  continent.  I  shall  begin  with  the  stratum  that  lies  above 
every  other  ; — viz.  alluvium. 
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Alluvium. 


In  this  part  of  my  Report^  I  shall  not  enter  into  a  systematic 
and  minute  description  of  the  various  formations  represented  on 
the  accompanying  geological  Map.  Such  description  belongs  more 
appropriately  to  the  scientific  part.  I  shall  here  describe  the 
different  strata  only  so  far  as  is  necessary  to  the  particular  purpose 
I  have  in  view. 

Alluvium  Uj  for  the  most  part,  that  fine  loamy  deposit,  which  is 
yearly  forming  from  the  sediment  of  running  waters,  chiefly  by  the 
inundations  of  rivers.  It  is  made  up,  of-  course,  of  the  finest  and 
richest  portions  of  every  soil  over  which  the  waters  have  passed. 
Hence  alluvial  meadows  have  always  been  celebrated  for  their  fer- 
tility«  No  extensive  alluvial  tracts  occur  in  Massachusetts ;  al- 
tboogli  limited  patches  of  this  stratum  exist  not  unfrequently  along 
the  banks  of  every  stream,  and  with  the  adjoining  elevated  ground 
covered  by  wood  and  pasture,  constitute  not  a  few  of  the  most  pro- 
ductive farms  in  the  State.  Even  where  Deerfield  river  winds  its 
way  among  the  lofty  and  precipitous  spurs  of  Hoosac  mountain, 
which  crowd  so  close  upon  the  path  as  almost  to  throw  it  into  the 
shade  at  noon^day,  the  traveller  is  sometimes  agreeably  surprised 
to  see  a  luxuriant  meadow  open  before  him,  rewarding  the  labors 
of  some  thrifty  farmer.  No  alluvial  tracts,  however,  have  been 
thought  of  sufficient  extent  to  deserve  a  place  on  the  Map,  except 
one  or  two  salt  marshes  a  little  northeast  of  Boston,  and  several 
meadows  along  the  Connecticut,  Deerfield,  and  Housatonic  rivers. 
Those  of  Longmeadow,  SpringiSeld,  Northampton,  Hadley,  Hat- 
field, Deerfield,  and  Northfield,  have  long  been  celebrated  for  their 
unrivalled  exuberance  and  beauty.  Those  in  Great  Harrington, 
Stockbridge,  and  Sheffield,  are  scarcely  less  inviting. 

There  is  one  variety  of  alluvial  soil  in  this  State,  that  deserves 
more  attention  from  our  agriculturalists.  I  refer  to  those  numerous 
uncultivated  swamps,  which  have  for  ages  been  the  reservoirs  of 
rich  soil,  that  has  been  washed  thither  by  rains  and  brooks.  To 
reclaim  them,  does,  indeed  require  not  a  little  labor  and  expense. 
But  where  the  effort  has  been  successful,  the  great  and  continued 
exuberance  of  these  spots,  has  astonished  and  amply  repaid  the 
experimenter.  Even  in  those  cases  where  they  cannot  be  re- 
claimed, which  I  believe  to  be  few,  they  ought  at  least  to  be  con- 
verted into  manure,  and  spread  again  over  those  higher  regions 
around,  from  which,  by  slow  aqueous  agency,  they  have  been 
washed  away.  Very  many  of  the  most  barren  regions  in  the 
State,  might,  by  thb  means,  be  clothed  with  fertility  and  plenty^ 
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Diluvium* 

This  occupies  more  of  the  surface  in  Massachusetts  than  any 
other  formation.  It  is  not  generally  distinguished  from  alluvium: 
but  it  is  usually  much  coarser,  being  made  up  commonly  of  large 
pebbles,  or  rounded  stones  mixed  with  sand  and  fragments  of  ev- 
ery size,  which  are  often  piled  up  in  rounded  hills  to  a  considera- 
ble height ;  and  under  such  circumstances,  as  preclude  the  proba- 
bility that  it  could  have  resulted  from  existing  streams.  Indeed, 
It  is  spread  over  the  highest  mountains,  wherever  it  could  find  a 
lodgment,  and  appears  to  have  resulted  from  powerful  currents  of 
water,  which,  in  early  times,  swept  over  the  globe. 

In  a  scientific  point  of  view,  this  is  one  of  the  most  interesting 
formations  in  the  State ;  and  in  the  proper  place,  I  shall  exhibit 
several  facts  respecting  its  relations  and  mode  of  occurrence. 
But  in  an  agricultural  point  of  view,  it  is  the  least  interesting  of  all 
our  strata :  for  of  all  the  soils,  it  is  the  most  unfriendly  to  rich  veg- 
etation. And  as  it  is  spread  in  a  good  measure  over  every  kind  of 
rock,  it  often  prevents  the  formation  of  a  good  soil,  from  the  de- 
composition of  the  rock.  It  is  in  general  easily  recognised  in  the 
luost  sterile  places,  in  the  form  of  low  rounded  hills,  composed  al- 
most entirely  of  pebbles,  or  cobble  stones,  and  sometimes  lai^er 
rounded  masses  of  rock,  called  bowlders,  mixed  with  coarse 
sand,  and  covered  with  a  stinted  vegetation.  It  was  evidently  de- 
posited by  currents  rushing  violently  over  the  surface  ;  since  only 
the  coarse  materials,  which  were  driven  along,  were  left ;  while 
Che  finer  particles  were  kept  suspended  by  the  agitation  of  the  wa- 
ters. Some  varieties  of  this  diluvium  may  indeed  be  converted 
into  a  soil  of  tolerable  richness  by  manuring  it  abundantly,  and 
clearing  away  the  stones.  And  generally  too,  the  rains  that  have 
fallen  upon  it  for  thousands  of  years,  have  conveyed  its  finer  par- 
ticles to  the  bottom  of  the  vallies  and  cavities,  with  whksh  this  for^ 
mation  abounds,  and  these  being  mix6d  with  much  vegetable  de- 
cayed matter,  a  soil  of  good  quality  is  formed.  So  that  within 
the  limits  of  this  formation  much  good  land  occurs.  But  these 
fertile  spots  ought  perhaps  rather  to  be  denominated  alluvium  than 
diluvium. 

Had  diluvium  been  represented  on  the  Map  wherever  it  occurs, 
scarc,ely  any  other  forroafion  could  have  been  exhibited.  I  have 
marked  the  region  as  diluvial,  only  where  it  occurs  in  such  quanti- 
ties, as  almost  entirely  to  conceal  every  other  stratum.  It  is  most 
abundant  in  the  south  east  part  of  the  State  ;  the  counties  of  Ply- 
mouth, Barnstable,  Dukes,  and  Nantucket,  being  almost  entirely 
overspread  by  it ;  so  that  in  the  three  latter  counties,  I  scarcely 
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found  any  rocks  that  did  not  appear  to  have  been  broken  up  and 
moved  from  their  original  bed.  Towards  the  extremity  of  Cape 
Cod,  this  stratum  is  composed  almost  entirely  of  sand ;  which  often 
constitutes  those  hills  called  dovms  or  duties^  that  travel  inland  by 
the  action  of  winds  and  do  great  mischief,  by  overrunning  fertile 
spots ;  and  on  the  eastern  continent,  by  burying  even  villages  and 
cities.  The  most  effectual  remedy  that  nature  has  provided 
against  these  encroachments,  seems  to  be  Beach  Grass ; — (Ar%^ 
do  arenaridy  Lin.  Psamma  arenaria,  Beauv.)  which  is  able,  not 
only  to  fix  its  roots  in  the  most  barren  ridge  of  sand,  but  also  in 
time  to  fix  the  sand  itself. 

Diluvial  tracts  of  considerable  extent  exbt  in  the  county  of  Nor- 
folk, in  the  Connecticut  valley,  and  along  the  western  base  of 
Hoosac  Mountain.  None  of  them  however  are  noticed  on  the 
Map.  Mostof  the  islands  in  Boston  Harbor  are  thus  colored: 
and  a  part  of  Maiden  and  Chelsea. 

Tertiary  Formationa. 

The  only  difference  between  these  and  diluvium,  is,  that  in  di- 
luvium, the  sand,  pebbles,  and  clay,  are  confusedly  mixed  togeth- 
er ;  exhibiting  only  an  imperfect  stratification ;  but  in  the  tertiary 
formations,  these  materials  are  arranged  in  regular,  and  generally  in 
horizontal  layers,  one  above  another,  and  appear  to  have  been 
deposited  at  earlier  epochs,  and  in  calmer  waters.  Hence,  when 
the  sandy  stratum  happens  to  lie  uppermost,  the  soil  will  be  too 
sandy  ;  but  if  this  be  worn  away,  so  that  the  clay  lies  at  the  sur- 
face, the  soil  will  be  too  argillaceous  ;  or  if  the  gravel  stratum  be 
exposed,  the  soil  cannot  be  distinguished  from  diluvium.  Most 
of  the  varieties  of  soil  thus  produced,  may  be  seen  in  the  valley  of 
the  Connecticut ;  where  exists  the  most  extensive  tertiary  for- 
mation in  the  State ;  extending  nearly  to  Middletown  in  Con- 
necticut Upon  the  whole,  there  is  little  to  choose  in  an  agricul- 
tural point  of  view,  between  those  tertiary  formations  that  occur 
in  Massachusetts,  and  our  diluvium,  although  in  England,  some 
of  these  formations,  that  embrace  beds  of  loam  and  marl,  are  very 
productive.  But  it  is  doubtful  whether  n[K)re  than  one  of  our  ter- 
tiary formations  are  identical  with  any  in  Europe.  At  any  rate, 
oars  contain  no  marl,  and  very  little  loam  ;  and  where  the  sand  is 
uppermost,  much  of  the  soil  corresponds  to  those  unimproved  and 
unimprovable  tracts,  that  occur  in  the  immediate  vicinity  of  the 
English  metropolis — composed  of  what  is  locally   denominated 

^  Danes  are  properly  alluvial  phenomena,  thoug^h  diluvial  sand  (as  in  the  caae 
meotiooed  in  the  text)  ia  often  employoil  in  their  prodaction. 
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bagshot  sand.  Where  the  clay  predominates,  however,  cultivation 
and  proper  manure  produce  a  valuable  soil.  Of  this  description 
are  the  small  tertiary  patches  on  the  Map  in  the  vicinity  of 
Boston.  There,  in  fact,  the  clay  near  the  surface  appears  gener- 
ally to  have  been  disturbed,  and  to  be  a  kind  of  loam ;  and  it  is 
doubtful  whether  they  ought  not  rather  to  have  been  colored  as 
diluvium,  than  as  tertiary.  It  ought  also  to  be  remarked,  that  the 
sandy  plaids  along  Connecticut  river,  are  very  congenial  to  the 
growth  of  rye,  and  are  very  easy  to  cultivate. 

New  Red  Sandstone. 

This  is  found  in  the  valley  of  the  Connecticutt  Although 
composed  of  numerous  varieties  of  rock,  the  prevailing  color  is 
red;  and  the  reddest  varieties  are  most  liable  to  decomposition;' 
viz.  a  red  slate  and  a  red  sandstone.  No  rock  in  the  State  disin- 
tegrates so  easily  as  this ;  nor  has  any  other  so  impressed  its  pe« 
culiar  characters  upon  the  soil.  In  Longmeadow,  Wilbraham, 
Southwick,  West  Springfield,  Easthampton,  and  Greenfield,  it  b 
common  to  see  tracts  of  considerable  extent,  where  the  diluvium 
and  tertiary  arc  chiefly  swept  away,  exhibiting  that  reddish  aspect, 
which  in  England  is  so  characteristic  of  soils  derived  from  this 
formation.  The  Devonshire  butchers,  it  is  said,  are  able  to  dis- 
tinguish the  sheep  raised  on  this  soil,  by  the  color  of  their  fleeces ; 
and  many  local  names  in  that  country  originated  from  the  same 
circumstances ;  such  as  Rougemont  Castle,  in  Exeter ;  Red  Hill 
and  Redford,  in  Somersetshire ;  Red  Brook,  in  Gloucestershire ; 
Red  Mire,  Roiherham,  &c.  in  Yorkshire. 

The  new  red  sandstone  is  said  to  be  associated  with  some  of 
the  most  fertile  land  in  England  ;  especially  that  variety  of  the 
rock  denominated  red  marl.  It  is  distinguished  for  the  excellence 
of  its  wheat,  barley,  beans,  and  cider.  The  sand  resulting  fi-om 
the  decomposition  of  the  coarser  varieties  of  the  rock,  produces 
most  of  the  rye  grown  in  England.  In  that  country,  however, 
this  formation  contains  not  a  little  limestone,  either  in  beds,  or 
impregnating  the  sandstone.  But  in  Massachusetts,  the  lime  is  in 
small  quantity ;  and  hence,  probably,  it  affords  a  soil  inferior  to 
that  produced  by  the  English  rock.  Still,  with  us  its  soil  is  of 
a  superior  quality.  Its  poorer  varieties  are  excellent  for  rye.  It 
is  also  peculiarly  well  adapted  for  fruit.  The  grass  grown  upon  it 
is  of  a  superior  quality  ;  and  it  aflfords  excellent  pasture.  The 
establishment  of  the  Shakers  in  Enfield,  Ct.,  exhibits  a  favorable 
example  of  the  productiveness  of  this  soil,  when  under  a  good 
cultivation.  The  black,  white  and  red  oaks,  with  pignut  hickory, 
chesnut,  and  soft  maple,  (Acer  rubrum,)  are  the  forest  trees  most 
naturally  produced  upon  this  soil. 
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Argittaceaut  Slate  and  Oraywacke, 

The  argillaceous  slate  id  the  vicinity  of  Boston,  is  intiinately 
coDiiectMl  with  the  gray  wacke,  and  may  perhaps  be  considered  as 
a  variety  of  that  rock.  It  b  considerably  different  from  the  argil* 
laceous  slate  of  Worcester,  Franklin,  and  Berkshire  counties. 
Every  variety,  however,  furnishes  by  decomposition,  a  dark  col- 
ored soil,  which,  although  somewhat  apt  to  be  cold,  is  capable  of 
being  made  very  fertile.  The  central  parts  of  Quincy,  exhibit  a 
favorable  example  of  the  soil  lying  above  this  rock.  The  range 
in  Worcester  county,  is  almost  every  where  overspread  with  dilu- 
vium, and  in  Franklin  and  Berkshire,  this  rock  is  so  limited  in 
extent,  as  not  very  strikingly  to  develope  the  peculiarities  of  itssu- 
perincumbi^at  soil.  Professor  Dewey,  however  says,  that  in 
Berkshire  *  the  argillaceous  district  is  more  fertile  and  productive 
than  aby  other  portion  of  the  section,  except  the  alluvial.^ 

Numerous  varieties  of  rock,  differing  both  in  color  and  compo- 
sition, are  associated  under  the  term  Graywacke,  from  the  fine 
dark  colored  shale  or  slate,  containing  the  anthracite  coal  of  Rhode 
Island,  to  the  coarse  conglomerate  or  plum-pudding  stone,  of  Rox* 
bury,  Dorchester,  Dighton,  Somerset,  and  Swansey.  Most  of 
these  varieties,  however,  appear  to  furnish  a  soil  of  good  quality, 
and  sometimes  of  superior  fertility.  The  Island  of  Rhode  Island 
exhibits  the  superiority  of  the  soil  of  this  formation,  to  that  of 
several  others  that  surround  it.  As  we  proceed  northerly,  the 
great  quantities  of  diluvium  spread  over  the  surface,  obliterate,  or 
greatly  modify  the  soil  peculiar  to  the  formation.  But  in  Dor- 
chester, Roxbury,  Brooklyn,  Brighton,  and  Newton,  it  is  exhibited 
to  great  advantage  ;  presenting  the  finest  examples  of  exuberant 
farms  and  gardens  in  the  Commonwealth;  although  we  must 
not  forget  the  very  superior  cultivation  that  has  been  bestowed 
upon  that  part  of  tlie  State.  Still,  such  luxuriance  as  we  there 
witness — such  fine  fruit  especially-^could  not  be  produced  without 
a  soil  naturally  excellent 

iron  Ore. 

No  ore  except  that  of  iron  occurs  in  sufficient  quantity  in  the  State 
to  deserve  notbe  in  an  agricultural  point  of  view.  In  the  west  part 
of  Worcester  coubty,  the  soil,  for  a  width  of  several  miles  across 
the  whole  State,  is  so  highly  impregnated  with  the  oxide  of  iioo, 
as  to  receive  from  it  a  very  deep  tinge  of  what  is  called  tron  nut. 
This  is  particularly  the  case  in  the  low  grounds  ;  where  are  fre* 
quently  found  beds  of  bog  ore.  I  do  not  know  very  definitely  the 
eflbct  of  this  iron  upon  vegetation  ;  but  judging  from  the  general 

2 


Digitized  by  VjOOQ IC 


22  Economical  Geology. 

excellence  of  the  farms  in  the  Brookfields,  Sturbridge,  Hardwick 
New  Braintree,  Barre,  Hubbardston,  &c.,  I  should  presume  it  to 
be  good.  Certainly  it  cannot  be  injurious ;  for  no  part  of  the 
county  exceeds  the  towns  just  named  in  the  appearance  of  its 
farming  interest ;  and  nearly  all  the  county,  as  may  be  seen  by 
the  Map,  is  of  one  formation.  It  would  be  an  interesting  problem, 
which  in  that  county  can  be  solved,  to  determine  the  precise  influ- 
ence of  a  soil  highly  ferruginous  upon  vegetation. 

Steatite,  Serpentine,  Scapolite  Rock,  Limestone. 

The  next  rocks,  in  an  ascending  order  upon  the  tablets  attached 
to  the  Map,  are  steatite  or  soapstone,  serpentine  and  scapolite  rock. 
But  they  are  of  such  limited  extent  as  to  deserve  no  notice  in  this 
connection.  The  next  rock,  namely,  limestone,  is  found  only  in 
Berkshire  county,  in  quantities  sufficient  to  modify  the  soil  over 
much  extent  of  surface.  But  in  that  county  it  occupies  most  of 
the  vallies  ;  while  the  mountains  are  chiefly  mica  slate.  And  the 
fertility  of  these  vallies  is  a  striking  evidence  of  the  good  iufluence 
of  disintegrated  and  decomposing  carbonate  of  lime  upon  the  soil. 
Indeed,  I  believe  that  it  is  generally  thought  in  Europe,  that  soils 
of  this  description  are  more  productive  than  any  other,  except 
rich  alluvions.  And  I  apprehend  that  one  of  the  greatest  defi- 
ciencies in  the  soil  of  the  principal  part  of  Massachusetts,  is  the 
absence  of  lime.  Probably  if  our  farmers  could  procure  this 
article  at  a  moderate  expense,  its  application  as  a  manure  would 
amply  reward  them  for  their  trouble.  Limestone  that  contains 
much  magnesia,  is,  indeed,  said  to  be  injurious  to  vegetation,  un- 
less it  be  upon  peaty  soil,  or  soil  containing  much  vegetable 
matter ;  and  this  limestone  is  common  in  Berkshire  county.  But 
it  occurs  there  in  beds,  alternating  with  the  pure  carbonate  of  lime, 
and  I  apprehend  rarely  produces  any  bad  eflfect. 

Quartz  Bock. 

It  will  be  seen  by  the  Map  that  one  variety  of  this  rock  is  asso- 
ciated with  mica  slate,  and  another  with  gneiss  ;  so  intimately,  in- 
deed, that  its  agricultural  character  may  be  considered  the  same  as 
that  of  these  rocks^  When  it  occurs  in  the  state  of  pure  quartz,  it 
1880  little  acted  upon  by  the  common  decomposing  agents,  such  as 
air,  heat,  and  moisture,  as  to  exert  little  or  no  influence  upon  the 
saperincumbent  soil ;  except  in  the  town  of  Cheshire,  where  it 
produces  a  pure  white  sand. 

Chlorite  Slate,  TaUose  Slate,  Mica  Slate. 

The  first  of  these  rocks  occupies  too  little  space  to  deserve  any 
notice  in  respect  to  the  soil  resulting  fi-om  it.     The  second  is  in 
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general  a  mere  y&riety  of  mica  slate,  talc  taking  the  place  of  micai 
or  being  saperedded  to  it  Where  the  talcose  slate,  however, 
is  most  pure,  so  as  in  fact  to  be  little  else  but  slaty  talc,  with  more 
or  less  quartz,  the  soil  which  its  decomposition  produces,  is  decid- 
edly inferior  to  that  resulting  from  mica  slate  ;  and  probably  this 
is  owing  to  the  large  quantity  of  magnesia  which  talc  contains. 

Mica  slate  produces  a  soil  of  medium  quality.  Some  Tarieties 
of  it  underlie  tracts  of  superior  excellence.  But  the  most  extensive 
region  of  mica  slate  in  Massachusetts,  consists  of  the  high  and 
mountainous  region  west  of  Connecticut  river  :  so  that  it  is  diffi- 
cult to  compare  the  soil  lying  over  it,  with  that  of  formations  at  a 
lower  level.  The  deep  ravines,  however,  so  common  in  the  mica 
slate,  furnish  many  very  fertile,  though  limited  patches  of  ground ; 
while  the  mountain  sides  are  very  superior  for  grazing. 

Hornblende  State,  Chneiss. 

Gneiss,  which  differs  from  granite  only  in  having  a  slaty  struct- 
ure, occupies  more  of  the  surface  of  the  State  than  any  other 
rock.  It  sometimes  takes  into  its  composition  the  black  mineral 
called  hornblende;  even  losing  its  common  ingredients;  and  then 
it  is  denominated  Hornblende  Slate. 

The  soil  resulting  from  the  decomposition  of  gneiss  is  so  well 
marked,  as  not  to  be  easily  mistaken  by  an  experienced  eye.  Its 
predominant  ingredient  is  a  rather  fine  whitish  sand  ;  and  some- 
times beds  of  extremely  pure  sand  result  from  it,  as  in  Pelham 
and  Shutesbury.  Indeed,  the  appearance  of  the  soil  from  gneiss, 
indicates  uncommon  poverty  and  sterility.  But  facts  do  not  cor- 
respond to  this  anticipation ;  ibr  in  no  part  of  the  Stale  do  we 
find  finer  looking  farms,  or  the  appearance  of  more  thrift  and  inde- 
pendence among  their  occupants,  than  in  the  region  where  gneiss 
prevails ;  I  refer  chiefly  to  Worcester  county,  most  of  which  is 
based  on  this  rock.  The  western  part  of  the  range,  however, 
embracing  the  eastern  part  of  Franklin,  Hampshire  and  Hampden 
counties,  is  in  general  characterized  by  a  rather  barren  s(nl.  But 
this  region  is  more  elevated  than  the  surface  farther  east.  Where 
it  is  not  so  high,  as  in  Monson  and  Brimfield,  we  find  the  same  ap- 
pearance of  fertility  as  in  the  towns  farther  to  the  east  *  It  is  a 
question  worthy  of  attention,  however,  how  &r  the  soil  fiom  our 
gneiss  may  owe  its  agricultural  character  to  the  iron  that  so 
generally  accompanies  this  rock.  Certainly  the  iron  gives  it  an 
appearance  of  sterility  which  does  not  belong  to  it. 

Greenstone. 

This  is  one  of  the  varieties  of  rock  embraced  under  the  general 
term  trap  rock.      The  variety  most  common  in  Europe  is  basalt, 
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and  the  soil  produced  by  its  decomposition  is  said  to  be  of  a  supe- 
rior quality.  The  greenstone  of  Massachusetts,  however,  except 
some  of  its  rarer  varieties,  is  but  little  acted  upon  by  ordinary  de- 
composing and  disintegrating  agents ;  and  is  proverbially  one  of 
our  hardest  and  most  indestructible  rocks.  Hence  the  soil  that 
covers  it  is  generally  quite  scanty.  It  is,  however,  very  peculiar ; 
and  we  find  upon  our  greenstone  ridges,  quite  a  number  of  plants, 
(brubs,  and  trees,  that  are  not  found,  except  rarely,  upon  the  other 
.formations.  The  eastern  part  of  the  county  of  Essex  is  in  a 
great  measure  composed  of  greenstone ;  and  its  superior  agricultu* 
ral  character,  in  general,  produces  a  favorable  opinion  as  to  the 
influence  of  this  rock  upon  the  soil,  though  very  much  must  be 
imputed  to  good  management.  This  Ibrmation  in  the  Connecticut 
valley  furnishes  but  little  arable  land,  and  that  of  rather  a  sterile 
character. 

Porphyry. 

This  rock  ofiers  hut  little  interqsl  in  an  agricultural  point  of 
view.  It  is  of  quite  limited  extent  and  is  decidedly  the  hardest 
and  most  unyielding  of  all  our  rocks.  It  occupies  the  greater 
part  of  the  surface,  and  the  scanty  soil  tliat  has  formed  a  lodgment 
in  its  inequalities,  is  not  of  the  first  rate  character, 

Sienife  and  Granite. 

Sienite  is  intermediate  in  its  characters  between  greenstone  and 
granite,  although  most  commonly  it  is  only  a  variety  of  granite. 
Both  rocks  are  little  liable  to  decomposition,  and  occupy  a  large 
porportion  of  the  surface  with  their  naked  and  rugged  projections. 
Still,  the  soil  found  among  them,  particularly  on  the  granite,  is  gen- 
erally of  a  superior  character,  probably  from  the  fact  that  most  of 
it  roust  have  been  derived  from  decomposed  vegetable  and  animal 
matter-  Hence  it  is  usually  of  a  dark  color  and  fine  texture,  and 
not-coarse  and  sandy  like  the  soil  above  the  granites  of  Europe, 
that  more  easily  suffer  decomposition. 

Should  the  preceding  cursory  remarks  be  the  means  of  exciting 
the  attention  of  intelligent  agriculturalists,  to  the  oonnection  between 
rocks  and  soils,  an  important  object  will  be  attained,  ,1  have  said 
enough  to  show  that  almost  all  known  varieties  of  soil  exist  in  Mas- 
sachusetts. But  much  improvement  remains  to  be  made  in  oar 
agricultural  concerns,  before  the  excellencies  of  our  soil  are  fully 
developed.  It  is  but  a  moderate  estimate  to  say,  that  the  general 
adoption  of  an  enlightened  system  of  cultivation,  would,  in  a  few 
years,  double  tkp  prpdiiice  and  the  valuQ  pf  our  improvable  lauds. 
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That  is  to  say,  such  would  be  the  speedy  result,  if  all  our  farmers 
were  to  manage  their  lands  as  a  few  now  do. 

USCPUL  ROGKS    AND    MINERALS    IN   TUIS    STATE. 

I  shall  next  proceed  to  give  an  account  of  those  rocks  and  min- 
eral substances  found  in  the  Slate,  which  have  been,  or  may  be 
useful  in  the  arts,  and  are  consequently  objects  of  pecuniary  im* 
portance.  Those  that  are  employed  for  architectural  or  ornamen- 
tal purposes,  first  claim  attention  ;  because  the  State  is  peculiarly 
rich  in  treasures  of  this  kind.  It  will  be  easy  to  see,  by  a  referer- 
ence  to  the  Map,  how  extensive  are  the  formations  from  which  they 
are  derived ;  although  it  must  not  be  concluded  that  every  part  of 
a  formation  will  furnish  materials  of  equal  value  for  economical 
purposes. 

Grcmite  and  Sieniie. 

Much  confusion  has  arisen  in  the  applicatbn  of  these  terms. 
They  were  originally  applied  to  designate  rocks  very  different,  if 
not  in  cooiposition,  yet  in  their  geological  relations.  But  most  of 
the  rock  that  b  generally  described  as  sienite,  is  a  variety  of  gran- 
ite. This  is  certainly  the  case  in  Massachusetts.  Wherever  \he 
granite  admits  hornblende  into  its  composition,  I  have  considered 
it  as  a  sienite ;  and  not  unfrequently  the  hornblende  constitutes 
the  principal  ingredient;  taking  the  place,  more  or  less  of  the 
quartz  and  mica,  so  as  to  form  a  compound  of  hornblende  and 
feldspar.  This  compound  forms  some  of  the  most  beautiful  va- 
rieties of  sienite,  though  extremely  hard  to  work  for  architectural 
purposes.  But  not  a  little  granite  that  contains  no  hornblende 
goes  by  the  name  of  sienite.  Thus,  much  of  the  Quincy  granite 
is  wanting  hornblende ;  but  being  almost  destitute  of  mica,  and 
having  the  close  aspect  of  sienite,  it  is  called  indifferently  by  either 
name. 

The  variety  in  the  composition,  color,  and  hardness  of  these  rocks 
hi  Massachusetts,  is  almost  endless.  The  quartz  and  feldspar  are 
eonmioiiiy  white,  yellowish  and  gray  ;  the  latter  not  unfrequently 
flesh  colored  :  the  mica  is  very  often  black,  but  sometimes  of  a 
silver  color.  When  the  quartz  prevails,  the  rock  is  easily  broken, 
but  honiMende  renders  it  tough.  The  predominance  of  feldspar 
generally  ^ves  the  rock  a  more  lively  white  color  and  renders  it 
rather  easier  to  work.  But  I  shall  not  attempt  to  describe  partic- 
nlariy  all  the  varieties  of  these  rocks  that  occur  in  the  State.  An 
inspectioB  of  the  specimens  which  I  have  collected,  will  at  once 
give  an  idea  of  tlie  kinds  obtained  at  the  principle  quarries,  and  of 
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numerous  other  varieties  which  I  have  met  with  in  different  local- 
ties.     (Nos.  1271  to  1348,  and  1410  to  1458.*) 

The  very  coarse  varieties  of  granite,  which  are  found  in  some 
parts  of  the  State,  do  by  no  means  furnish  a  good  building  stone  : 
indeed,  some  of  them  hardly  serve  for  common  walls.  Much  of 
the  granite  in  the  vicinity  of  Connecticut  river  is  of  this  descrip- 
tion ;  as  also  a  considerable  portion  of  the  range  which  extends 
from  Southborough  to  Andover  ;  particularly  along  its  northwestern 
limits.  But  most  of  the  granite  in  the  eastern  part  of  the  State^ 
is  of  so  fine  a  texture,  as  to  answer  admirably  for  architecture  and 
other  economical  purposes.  Along  with  sienite,  it  extends  around 
Boston,  running  in  a  curvilinear  direction  at  the  distance  of  fifteen 
or  twenty  miles.  From  Cohasset  to  Quincy,  at  the  southern  ex- 
tremity of  the  curve,  and  from  the  end  of  Cape  Ann  to  Salem,  on 
the  north,  the  formation  is  most  fully  developed,  and  is  there  quar- 
ried extensively.  The  Quincy  quarries  are  probably  the  best  and 
most  generally  known ;  and  few  citizens  of  the  State  are  unacquainted 
with  the  rock  thence  obtained,  now  so  extensively  used  in  Boston  and 
elsewhere.  The  quantities  which  those  quarries  (or  rather  moun- 
tains)will  furnish,  are  incalculably  great.  One  radroad,  as  is  well 
known,  has  been  used  for  several  years  to  convey  the  granite  from 
the  quarry  to  Neponset  river,  a  distance  of  three  miles.  It  is 
thought,  however,  that  the  granite  has  not  reached  its  minimum 
price.  Yet  even  now,  Boston  is  almost  as  much  distinguished  for 
its  granite  structures,  as  the  metropolis  of  the  Russian  Empire. 

Some  of  the  granite  obtained  on  the  north  of  Boston,  cannot 
be  distinguished  from  that  of  Quincy.  I  observed  the  resem- 
blance most  strongly  in  Danvers  and  Lynnfield.  At  the  former 
place  it  is  quarried,  and  fiue  blocks  are  obtained.  Extensive  quar- 
ries are  also  opened  in  the  north  side  of  Cape  Ann,  in  Gloucester. 
The  rock  here  resembles  that  of  Quincy ;  but  it  is  generally 
harder  and  of  a  lighter  color.  At  these  quarries  no  railroad  (ex- 
cept one  of  a  few  rods  in  length)  is  necessary  to  transport  the 
rock  to  the  sea-side ;  since  vessels  can  approach  very  near  the 
spot.  And,  since  the  demand  for  this  rock  must  increase,  in  our 
country,  for  many  years  to  come,  and  Cape  Ann  is  little  else  than 
a  vast  block  of  it,  it  seems  to  me  that  it  must  be  regarded  as  a  sub- 
stantial treasure  to  that  part  of  the  State, — far  more  valuable  than 
a  mine  of  the  precious  metals.  At  Squam,  in  Gloucester,  I  was 
informed  that  blocks  of  granite  had  sometimes  been  split  out  sixty 
feet  in  length ;  indeed,  1  saw  the  face  of  a  ledge  from  which  they 
bad  been  detached. 

*  In  all  cases  whero  numbers  are  included  in  parentheses  as  above,  in  (he  sub- 
sequent pages  of  this  Report,  they  refer  to  the  collection  of  rocks  and  nunerals 
which  I  have  deposited  in  the  hands  of  the  Government,  and  a  descriptive  cata- 
logue of  which  is  given  in  the  Appendix. 
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At  Fall  River,  in  Troy,  which  lies  upon  Taunton  river,  are  other 
extensive  and  interesting  granite  quarries.  This  granite,  as  the 
Map  will  show,  is  connected  with  the  Quincy  range  ahove  de- 
scribed. Yet  the  greater  part  of  the  granite  in  Plymouth  and 
Bristol  is  coarser  than  that  of  Quincy  and  Gloucester,  and  more  lia- 
ble to  decomposition.  But  no  rock  can  be  finer  for  architectural 
purposes  than  the  granite  of  Troy ;  and  immense  quantities  have 
been  obtained  from  this  locality.  The  large  manufactories  at  Fall 
River  are  built  of  it,  as  b  also  Fort  Adams  at  Newport,  Rhode  Is* 
land.  The  feldspar  of  this  rock  is  a  mixture  of  the  flesh  red  and 
light  green  varieties ;  the  former  predominating :  the  quartz  is 
light  gray,  and  the  mica,  usually  black.  It  works  easily,  and  has 
a  lighter  and  more  lively  appearance  than  Quincy  granite.  Blocks 
of  this  granite  have  been  split  out  fix)m  fifty  to  sixty  feet  long,  as 
the  sign-post  at  one  of  the  public  houses  at  Fall  River,  will  attest : 
it  consists  of  a  single  block.  The  contiguity  of  this  granite  to 
water  transportation,  will  always  render  it  peculiarly  valuable. 

The  granite  range  extending  from  Cohasset  and  Quincy, 
through  Randolph,  Stoughton,  Foxborough,  &c.,  into  Rhode  Is- 
land, with  one  interruption  by  graywacke,  affords  much  valuable 
stone  for  architectural  purposes  ;  and  it  is  wrought  more  or  less  in 
every  town  through  which  it  passes.  About  two  and  a  half  miles 
to  the  west  of  Providence,  R.  I.  it  is  quarried  ;  also  in  Johnstone, 
five  miles  northwest  of  the^city ;  and  thence  were  obtained  the 
beautiful  and  magnificent  pillars  in  front  of  the  Arcade  in  that  place 

That  part  of  this  extensive  deposit  of  granite,  which  is  fully  de- 
veloped a  little  south-west  of  Dedham,  furnishes  some  beautiful 
varieties  of  stone.  No  better  example  can  be  referred  to,  than 
the  elegant  pillars  of  the  Court  House  in  Dedham.  This  granite 
is  very  fine  grained,  and  so  white,  that  at  a  short  distance  it  cannot 
be  dbtinguished  firom  white  marble.  The  pillars  just  named  were 
obtained  firom  some  lai^e  bowlders  near  the  dividing  line  between 
Dover  and  Medfield. 

The  stone  used  in  Boston  under  the  name  of  Chelmsford  gran- 
ite, is  found  m  a  range  of  this  rock,  not  connected  with  the  deposit 
that  has  been  described  above.  Nor  does  it  come  from  Chelms- 
ford ;  but  from  Westford  and  Tyngsborougb.  In  the  latter  place, 
it  is  obtained  chiefly  from  bowlder  stones  ;  but  ledges  are  quarried 
in  Westford.  I  do  not  know  why  it  has  been  called  Chelmsford 
granite,  unless  from  the  fact  that  large  quantities  are  carried  to 
Lowell,  (formerly  a  part  of  Chelmsford,)  to  be  wrought.  This 
itx^k  is  pure  granite,  vrith  no  hornblende  ;  and  being  homc^enous 
and  compact  in  its  texture,  it  furnishes  an  elegant  stone.  Good 
examples  of  it  may  be  seen  in  the  pillars  of  the  United  States 
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Bank,  and  in  the  Market  House  in  Boston.  These  were  from 
Westford* 

Four  miles  north  of  Lowell,  a  quany  of  this  granite  has  been 
opened  in  Pelhara,  N.  H.  Blocks  may  be  obtained  from  this 
place  of  any  length  under  thirty  feet.  It  is  a  very  fine  variety, 
b  much  used,  and  appears  superior  to  the  Chelmsford  granite. 

The  Westford  and  Pelham  granite  is  connected  with  an  imper- 
fect kind  of  mica  slate,  in  which  it  seems  to  form  beds,  or  large 
protruding  masses.  In  the  same  mica  slate  at  Fitchburg,  a  little 
south  of  the  village,  is  a  large  hill  of  the  same  kind  of  granite. 
This  is  quarried  though  not  extensively,  on  account  of  the  little 
demand  for  the  stone.  This  single  hill,  300  feet  high,  and  nearly 
a  mile  in  circumference  at  its  base,  might  furnish  enough  to  sup^ 
*ply  the  whole  State  for  centuries*  Some  of  it,  however,  is  too 
coarse  for  architecture. 

The  manner  in  which  the  granite  is  usually  split  out  at  the 
quarries  is  this.  A  number  of  holes  of  a  quadrangular  form,  a 
little  more  than  an  inch  wide,  and  two  or  three  inches  deep,  are 
drilled  into  the  rock,  at  intervals  of  a  few  inches,  in  the  direction 
in  which  it  is  wished  to  separate  the  mass.  Iron  wedges,  having 
cases  of  sheet  iron,  are  then  driven  at  the  same  time,  and  with 
equal  force,  into  those  cavities ;  and  so  prodigious  is  the  power 
thus  exerted,  that  masses  of  ten,  twenty,  thirty,  and  even  fifty  and 
sixty  feet  long,  and  sometimes  half  as  many  wide,  are  separated. 
These  may  be  subdivided  in  any  direction  desired  ;  and  it  is  com- 
mon to  see  masses  thus  split,  till  their  sides  are  less  than  a  foot 
wide,  and  their  length  from  ten  to  twenty  feet.  In  this  state  they 
are  often  employed  as  posts  for  fences. 

Respecting  the  price  of  the  granite  from  these  quarries  that  have 
been  described,  I  have  not  been  able  to  obtain  much  information. 
At  Fitchburg,  I  was  told  that  it  was  sold  at  the  quarries,  well 
dressed,  at  forty  cents  the  superficial  foot ;  and  at  Squam  at  forty- 
five  cents. 

The  cost  of  hammering  and  fine  dressing  granite  in  Boston,  in 
the  style  of  the  Tremont  House,  I  have  been  credibly  informed, 
is  about  thirty  cents  the  superficial  foot.  Ordinary  work,  how- 
ever, is  from  twenty-five  to  thirty  cents ;  and  not  unfrequently, 
even  as  low  as  twenty  cents. 

Concord  and  Hallowell  granite  costs  about  fifty  cents  per  foot  in 
Bostoa ;  but  are  now  little  used. 

Posts  for  store-fronts  cost  about  thirty-four  cents  per  foot  in 
Boston.  The  Columns  of  the  Hospital  were  obtained  for  about 
one  dollar  per  foot. 

To  show  how  rapidly  the  price  of  granite  has  fallen,  I  would 
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State  on  the  aathoritv  of  a  respectable  architect  in  Boston,  that 
the  cost  of  the  blocks  of  the  Quincy  granite  for  the  Bunker  Hill 
monument)  delivered  at  Charlestown  in  a  rough  state,  was  thirteen 
cents,  three  mills  per  foot ;  and  the  cost  of  the  unhewn  stone  for 
the  church  built  last  year  in  Bowdoin  street,  Boston,  wad  fifteen 
cents;  but  six  years  before,  the  rough  Quincy  granite,  for  the 
United  States'  Branch  Bank,  cost  two  dollars  per  foot. 

1  have  now  given  an  account  of  the  most  extensive  and  impor^ 
tant  quarries  of  granite  and  sienile  in  the  eastern  part  of  the 
Slate.  Granite  is  wrought  more  or  less,  however,  not  merely  in 
all  the  towns  through  which  its  ranges  pass,  but  also  in  other  places, 
in  their  viciqity  ;  large  blocks  of  it  having  been  removed  thithet 
by  diluvial  action  in  former  times. 

Although  the  granite  in  general,  in  the  vicinity  of  Connecticut 
river,  is  too  coarse  for  architectural  uses ;  yet  in  Hampshire  county 
are  several  beds  of  a  superior  quality.  Perhaps  the  best  is  found 
in  Williamsburgh,  a  few  miles  from  Northampton.  This  rock| 
(some  of  which  may  be  seen  in  the  front  of  a  few  buildings  in 
NcMthampton,)  very  much  resembles  the  granite  fodnd  in  the  vicin-* 
ity  of  Dedham,  and  yields  in  beauty  and  value  to  none  in  the  State. 
It  exists  in  abundance  in  Northampton,  Whately,  and  Williams^ 
burgh ;  but  has  yet  been  quarried  only  On  a  very  limited  dcale. 

On  the  east  side  of  the  Connecticut,  a  very  beautiful  sienitic 
granite  etists  in  Belchertown ;  in  which  the  mica,  when  the  horn- 
blende is  wanting,  is  very  black.  It  is  not  surpassed'in  elegance 
by  any  rock  in  the  State  ;  but  it  has  not  as  yet,  to  my  kpowledgCi 
been  quarried  at  all.  Indeed,  very  little  real  granite  is  employed 
m  the  middle  or  western  parts  of  the  State,  except  in  a  rough 
condition. 

This  sketch  of  the  gratiite  of  Massachusetts,  although  brief,  is 
sufficient  to  show  that  we  have  a  great  number  of  varieties,  and  an 
exhaUstless  quantity  of  this  most  valuable  material  for^  durable 
and  elegant  architecture.  Numerous  varieties  not  mentioned  above, 
which  have  fallen  under  my  consideration,  either  in  ledges  or  loose 
blocks,  will  be  found  in  the  collection  of  specimens ;  and  some 
of  these  are  peculiarly  beautiful.  Numerous  other  varieties  have 
doubtless  escaped  my  observation.  Indeed,  we  may  safely  assert i 
that  no  part  of  the  world  is  better  furnished  with  this  useful  and 
indestructible  rock. 

Gneiss* 

This  rock  is  commonly  known  under  the  name  of  granite } 
and,  indeed,  it  is  composed  of  the  same  materials  ;  but  in  the 
gneiss,  the  structure  of  the  rock  is  slaty,  and  it  splits  in  one  direo- 
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tion  better  than  in  otfaera ;  yet  this  slaty  stnioture  is  often  hardly 
perceptible^  even  in  wrought  specimens  ;  an4  hence  for  all  arcbi* 
tectural  and  economical  purposes,  the.  distinction  between  granite 
and  gneiss  is  of  small  importance  ;  though  of  much  consequence 
in  respect  to  the  science  of  Geology. 

The  quarries  of  gneiss  in  Massachusetts  are  perhaps  even  more 
numerous  than  those  of  granite,  though  not  in  general  so  exten- 
sively wrought.  It  forms  admirable  building  stone ;  and  is  in  no 
respect,  that  1  know  of,  inferior  to  granite ;  while  the  facility  with 
which  it  cleaves  in  one  direction,  renders  it  easier  to  get  out  and 
dress;  so  that  it  can  be  afforded  at  a  less  price.  Accordingly  we 
find  that  a  large  proportion  of  the  better  class  of  buildings  in  the 
extensive  portion  of  the  central  part  of  the  State  where  this  rock 
prevails,  are  underpinned  by  wrought  blocks  of  it.  Its  fissile 
character  also  renders  it  an  excellent  material  for  oomipon  stone 
waUs  and  flagging  stonles.  The  same  property  enables  the  quarry- 
man  to  split  out  layers  of  it  of  almost  any^size,  and  only  a  few 
inches  in  thickness ;  and  their  surface  is  generally  so  even,  as  to 
require  but  little  dressing.  Hence  it  is  very  common  to  see  such 
large  stones  of  this  description  in  front  of  very  many  of  our 
churches  and  other  public  buildings. 

In  Europe  gneiss  seems  to  have  been  applied  to  few  useful  pur- 
poses. One  of  the  latest  geological  writers  in  Great  Britain,  says 
that '  this  schistose  (slaty)  body  serves  no  particular  purpose  in  the 
arts  of  life.'  *  Dr.  Macculloch  however  mentions  diat  the  mica- 
ceous varieties  are  employed  in  building  and  sometimes  for  roofing-f 
This  rock  appears  to  be  more  perfectly  developed  in  our  own  coun- 
try than  in  Europe.  There  it  seems  chiefly  to  consist  of  the 
granitic  variety,  or  of  that  variety  not  uncommon  here,  in  which 
the  layers  are  so  contorted  and  irregular  as  to  prevent  its  splitting 
into  parallel  planes. 

The  western  part  of  Worcester  county,  and  the  eastern  parts  of 
Hampden,  Hampshire,  and  Franklin  counties,  afford  the  best  quar- 
ries of  gneiss.  That  branch  of  the  Worcester  range  extending 
into  Middlesex  county,  and  the  range  in  Berkshire  county,  do  not 
furnish  so  good  specimens  for  architecture,  though  by  no  means  de- 
void of  interest  in  this  respect. 

The  quarries  of  gneiss  that  are  most  extensively  wrought,  and 
furnish  the  best  stone  are  situated  in  the  following  towns  :  Wilbra- 
bam,  Pelham,Monson,  Montague,  Dudley,  Milbury,  Westborough, 
Boylston,  and  Uxbridge.  Much  of  the  stone  at  these  quarries  can 
hardly  be  disUnguished  from  granite,  even  by  the  Geologist.     The 

*  lire's  Geologji  p.  lOa        t  MaccallocVs  System  of  Geology,  Vol.  2^  p.  155. 
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MSbuiy  gneiss,  br  instance,  is  vtrj  much  used  in  Worcester,  and 
does  not  there  present  any  appearance  of  stratiGcation,  and  very 
little  of  a  slatj  structure :  while  the  granite,  that  is  quarried  ia 
the  east  part  of  Worcester,  is  distinctly  stratified ;  and  would 
probably  be  called  gneiss  by  most  persons ,  rather  than  the  Milbury 

IDCk. 

At  these  gneiss  quarries  it  is  easy  to  obtain  blocks  fiom  ten  toi 
twenty  feet  long,  which  are  only  a  few  mcbes  thick.  At  Dudley, 
I  was  told  that  narrow  slabs  of  this  rock,  such  as  would  answer  for 
posts,  or  side  walks,  could  be  split  out,  and  delivered  in  the  centre 
of  the  town  for  four  cents  per  foot. 

Oreenstone* 

This  is  one  of  the  most  enduring  of  rocks;  but  it  is  usually 
so  much  divided  by  irregular  seams,  into  small  and  shapeless 
blocks,  that  it  is  but  little  employed,  either  in  the  construction  of 
bouses,  or  walk.  Its  dark  colw,  also,  renders  it  less  acceptable 
than  granite  or  limestone.  Still  it  b  beginnmg  to  be  used  for 
building  houses,  in  its  unaltered  state.  The  irregular  blocks  may 
be  so  laid  with  white  mortar,  especially  in  the  Gothic  style  of 
building,  as  to  form  a  picturesque  and  pleasing  structure.  The 
EpiscofNd  Church,  in  the  city  of  New-Haven,  Conn,  presents  a 
good  example  of  this  kind  of  architecture. 

HorvJblendt  Slate. 

I  do  not  recollect  to  have  seen  this  rock  employed  in  Massachu- 
setts for  any  useful  purpose,  except  for  the  construction  of  com- 
mon stone  walls.  But  I  have  noticed  some  very  fine  samples  of 
it  in  the  flagpngof  the  side  walks  of  New-Havi6n,  obtained,  I  pr^ 
sume,  in  Connecticut,  from  the  same  range  that  passes  througU 
MoDsoo,  Ware,  be,  in  Massachusetts. 

Porphyry. 

This  term,  as  if  employed  in  the  arts,  embraces  several  varieties 
of  rock  not  designated  by  its  strict  geological  sense.  Although 
upon  the  Map,  I  have  included  in  the  term,  only  the  porphyry  of 
geologists,  yet  in  this  place,  I  shall  describe  all  those  compounds 
occurring  among  us,  which  have  been  denominated  porphyry  m 

the  arts.  ^  .       #  i  j 

The  first  and  most  extensive  of  these,  is  the  genume  feldspar 
porphyry,  represented  on  the  Map  in  large  quantities  in  the  towns 
of  Medford,  Maiden,  Chelsea  and  Lynn,  on  the  north  of  Boston ; 
and  in  Needham,  Milton  and  Braintree,  on  the  south.    This  is  the 
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oldest  and  most  enduring  of  the  porphyries,  and,  indeed,  the  hard-' 
est  of  rocks.  Its  basis  is  generally  compact  feldspar,  reduced 
to  a  homogeneous  paste,  and  of  various  colors ;  as  light  purple, 
red  of  various  shades,  brownish  black,  and  greenish  gray.  The 
imbedded  crystals  are  either  feldspar,  or  quartz  alone,  or  existing 
together  in  the  same  rock ;  and  their  colors  are  very  various,  though 
more  usually  white  or  gray.  By  .these  mixtures  porphyries  are 
produced,  rivalling  in  beauty  the  best  antique  porphyry.  This  , 
rock  is  polished  with  so  great  difficulty,  that  it  is  rarely  used  in  our 
country,  either  for  ornamental  or  useful  purposes.  But  it  would 
be  strange  if  an  increase  of  wealth  and  refinement  should  not 
create  some  demand  for  so  elegant  and  enduring  a  rock.  When- 
ever this  shall  happen,  the  vicinity  of  Boston  will  furnish  every 
variety  that  can  be  desired,  and  In  blocks  large  enough  for  any 
purpose.  Quite  a  number  of  smoothed  or  polished  specimens 
inay  be  seen  in  the  collection.     (Nos.  1231  to  1269.) 

The  porphyry  range  on  the  north  of  Boston,  is  most  perfect  in 
its  characters,  and  in  the  greatest  abundance  at  any  one  place  ;  al-* 
though  the  southern  range  spreads  over  a  greater  extent  of  surfiice,  ' 
In  Lynn,  and  some  other  towns,  I  have  observed  blocks  of  porphy- 
ry that  were  brecciated — that  is,  they  were  composed  of  angular 
fragments  of  porphyry  reunited.  This  furnishes  a  beautiful  vai-iety 
for  polishing.     (Nos.  1264  to  1269.) 

Sienitic  Porphyry. 

When  sienite  contains  crystals  of  feldspar  imbedded  in  the  mass, 
it  is  said  to  be  porphyritic ;  and  some  varieties  of  this  rock  in  tlie 
eastern  part  of  the  State  are  very  elegant.  Esset  county  produ- 
ces some  of  the  finest  specimens,  particularly  Cape  Ann.  Some- 
times the  imbedded  crystals  of  feldspar,  are  white,  sometimes  flesh- 
colored  ;  and  in  Gloucester,  I  found  a  rock  in  which  they  were  of 
a  rich  bronze  color.  These  sienitic  porphyries  are  extremely  ele- 
gant when  polished ;  but  I  am  not  aware  that  they  are  employed 
at  all  forornamenul  purposes^  in  this  country.  (Nos.  1341  to  1346.) 

Porphyritic  Greenstone. 

The  ingredients  of  greenstone  are  often  not  easily  distinguished 
from  each  other  by  the  naked  eye  ;  and  when,  in  such  a  case  the 
rock  contains  disseminated  crystals  of  feldspar,  it  becomes  porphy- 
ritic. If  thiese  crystals  are  greenish  white,  and  the  base  blackish 
green,  the  rock  is  the  green  porphyry  of  the  ancients.  In  Dor- 
chester, Brooklyn,  and  Roxbury,  according  to  the  Messrs.  Danas, 
it  occurs  in  rounded  masses ;  and  in  small  quantity,  in  vein$,  at 
•AJarblehead.     But  I  have  found  it  in  large  veins,  travei-sing  sienite 
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at  Sandy  Bay,  on  the  northeast  side  of  Cape  Ann.  Large 
blocks  might  be  thence  obtained ;  and  if  polished,  it  would  consti- 
tute a  truly  splendid  ornament  for  the  interior  of  a  church,  or  a 
private  dwelling. 

If  the  feldspar  crystals  be  black,  or  grayish  black,  the  rock  is  the 

superb  black  porphyry  of  the  ancients.     This  occurs  in  small  beds 

and  rolled  masses  in  Charlestown,  and  in  veins  of  greenstone,  at 

.  Marblehead,  according  to  the,  Messrs.^  Danas  :  but  I   have  not 

met  with  it* 

The  hornblende  slate  in  various  parts  of  the  State,  but  particu-* 
larly  in  the  region  of  the  Connecticut  river,  is  frequently  porphy- 
ritic ;  and  exceedingly  resembles  porphyritic  greenstone ;  being, 
in  fact,  composed  of  the  same  ingredients;  and  difieriog  only  in 
its  slaty  structure,  and  in  the  more  distinctly  crystalline  character 
of  the  hornblende.  The  .  disseminated  crystals  of  feldspar  are 
usually  white.  In  Canton  and  Easton,  they  are  sometimes  the 
compact  variety,  yet  retaining  their  form  perfectly.  A  fioe  varie* 
ty  and  in  large  quantity  occurs  in  Heath,  a  specimen  of  which  may 
be  seen  in  the  collection.     (No.  944.) 

The  magnetic  iron  ore  in  Cumberland,  R.  I.  is  profusely 
sprinkled  with  crystals  of  feldspar ;  and  would  doubtless  form  no 
mean  substitute  for  green  or  black  porphyry.     (No.  847.) 

In  Ipswich  I  found  a  bowlder  of  greenstone  in  which  are  imbed- 
ded numerous  distinct  crystalline  masses  of  jet  black  Karintbin. 
(No.  1159.)  The  same  rock  occurs  in  Durham  N.  H  ,  and  on 
the  western  slope  of  the  Green  Mountains  in  Vt.  But  I  appre-r 
hend  that  the  color  of  the  rock  is  too  dark  to  be  employed  much 
for  ornament. 

Quartz  JRocJc. 

When  this  rock  occurs  pure,  it  can  hardly  be  employed  in  archi- 
tecture of  any  kind,  on  account  of  its  breaking  into  fragments  so 
extremely  irregular.  But  when  it  takes  a  small  proportion  of  mica 
into  its  composition,  it  is  often  divided,  with  mathematical  preci- 
non,  into  layers  of  convenient  thickness  for  building.  The  best 
quarry  of  this  kind  that  I  know  of,  is  in  the  west  part  of  Washing- 
ton, Berkshire  county,  about  three  miles  south-east  of  Pittsfield 
village.  The  layers  vary  in  thickness  from  an  inch,  to  one 
or  two  feet ;  thus  affording  materials  for  fine  flagging  stone,  as 
also  for  walls  and  underpinning.  The  quantity  of  this  rock  at  the 
quarry  is  very  great. 

Although  quartz  rock  is  usually,  of  all  others,  most  easily  affect- 
ed by  heat,  yet  that  variety  from  the  quarry  at  Washington,  is  re- 
markable for  its  power  of  resisting  heat ;  and  it  is  hence  employed 
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for  the  hearths  and  walls  of  furnaces.  Prof.  Dewey  says  that  he 
has  *  seeni  this  stone  after  it  has  sustained  the  highest  heat  of  the 
furnace  for  months^  and  found  its  surface  merely  glazed  by  the 
high  temperature.'  It  was  transported  to  the  iron  woiics  in 
Bennington,  Vt,  until  a  similar  rock  was  discovered  in  that  town. 
It  occurs  also  in  Williamstown.  What  peculiarity  this  rock  pos- 
sesses, that  renders  it  able  to  resist  a  high  temperature,  I  do  not 
knowl 

Another  valuable  variety  of  quartz  rock  b  found  near  the  quar* 
ry  above  mentioned.  But  its  use,  as  well  as  that  of  another  va* 
riety  in  Cheshire,  will  be  noticed  subsequently. 

HBca  Slate. 

This  rock  is  generally  more  uneven  or  tortuous  in  the  structure 
of  its  layers,  than  any  rock  m  the  State.  But,  like  geniss,  its  lay« 
ers  are  sometimes  remarkable  for  their  regularity.  It  then  forms 
an  admirable  stone  for  flagging,  for  hearths,  and  for  situations 
where  there  is  an  exposure  to  a  moderate  degree  of  heat.  The 
variety  that  occurs  in  Goshen  and  Chesterfield,  Hampshire  coun- 
ty, is  perhaps  the  best  in  the  State  for  these  purposes ;  and  in 
these  places,  particularly  in  Goshen,  it  is  quarried  to  a  considera- 
ble extent.  In  some  cases  this  rock  approaches  so  near  to  argil- 
laceous, or  roof-slate,  that  it  is  employed  for  common  gravestones. 
In  Halifax,  Vt.,  there  is  a  quarry  of  this  character  ;  and,  I  be- 
lieve, also  in  Chesterfield,  Mass.  Sometimes  it  forms  excellent 
whetstones  ;  and  from  the  quarries  in  Enfield  and  Norwich,  large 
quantities  are  obtained  and  extensively  used. 

Talcose  Slate. 

The  principal  value  of  this  rock,  in  an  economical  point  of  view, 
is  derived  from  its  power  of  resisting  high  degrees  of  heat.  The 
greater  the  proportion  of  talc  in  its  composition,  the  more  valuable 
is  it  in  this  respect.  A  very  fine  stone  of  this  description,  for  the 
lining  of  furnaces,  is  quarried  in  Stafford,  Ct.,  and  is  employed  to 
some  extent  in  the  furnaces  in  Massachusetts.  I  do  not  know  of 
any  quarry  of  this  kind  in  our  own  State ;  but  undoubtedly  such 
might  be  opened,  since  almost  every  variety  of  talcose  slate  exists 
here.  Indeed,  I  am  informed  by  the  Rev.  Mr.  Colton,  of  Am- 
herst Academy,  that  talcose  slate,  equal  to  that  in  Stafford,  may 
be  dug  in  Monson  ;  and  it  occurs  of  very  similar  appearance  in 
Hawley  and  Rowe. 

In  Plainfield  and  Hawley  a  variety  of  talcose  slate  occurs,  in 
in  which  are  disseminated  numerous  crystals  of  black  hornblende. 
The  talc  is  green  and  the  quartz  v^hite,  and  the  rock  admits  of  a 
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polish.  Sometimes  the  talc  almost  disappears;  and  tbeo  we 
have  a  white  base  with  black  crystals  imbedded.  In  short,  I  feel 
satisfied  that  this  rock  would  form  a  tolerably  good  ornamental  stonci 
if  wrought  into  tables,  urns,  chimney  pieces,  be,  &c.  But  of  this 
others  can  judge  from  the  specimens  which  I  shall  place  in  the 
collection  already  referred  to.  Large  blocks  of  it  may  be  obtained, 
which  would  be  very  firm  throughout.     (Nos.  837. 838.  839.) 

Limestone, 

Next  to  granite  and  gneiss,  this  is  the  most  valuable  rock  in  the 
State.  Little  advantage  is  derived  from  it,  however,  by  any  part 
of  the  State  except  Berkshire  county.  Small  beds  [of  it  do,  io 
deed,  exist  in  the  eastern  part  of  the  State ;  but  they  rarely  furnish 
blocks  sufficiently  large  and  sound,  to  be  wrought  into  marble. 
And  on  account  of  the  high  price  of  wood  in  the  vicinity  of  Bos- 
ton, it  cannot  be  burnt  into  quick  lime,  so  as  to  be  afforded  at  a 
less  price  than  the  lime  brought  from  Maine.  In  many  places, 
however,  it  continues  still  to  be  burnt.  Judging  from  the  appear- 
ance of  the  quarries,  I  should  suppose  that  Bolton  furnishes  a 
greater  quantity  of  lime  at  present,  than  any  other  locality.  The 
stone  here  is  mostly  crystalline,  and  white,  although  it  is  apt  to  be 
much  mixed,  as  it  is  at  every  other  locality  in  the  eastern  part  of 
the  State,  with  a  variety  of  minerals,  that  much  injure  it  for  lime. 
Beds  of  this  limestone  occur  at  Newbury,  Bolton,  Boxborough, 
Acton,  Littleton,  Carlisle,  Chelmsford,  and  Stoneham.  That  in 
Stooeham  is  peculiarly  fine ;  and  could  large  blocks  of  it  be  oh- 
tained,  free  from  fissures  and  foreign  minerals,  it  would  undoubt- 
edly  answer  well  for  satuary.  When  there  shall  be  a  greater  de- 
mand for  a  stone  of  this  description,  perhaps  a  farther  exploration 
will  bring  to  light,  at  this  quarry,  many  larger  and  sounder  pieces. 

On  the  south  of  Boston,  at  Walpole,  is  a  bed  of  limestone  of 
a  gray  color  and  probably  somewhat  impure.  It  would,  however, 
make  good  lime :  and  indeed  it  was  burnt  in  considerable  quantity 
some  years  ago.  But  until  the  lime  from  Maine  and  Rhode  Is- 
land, shall  sell  at  a  higher  price,  this  cannot  be  profitably  pre- 
pared.  It  must  be  gratifying,  however,  to  the  inhabitants  of  the 
eastern  section  of  the  State,  to  know  that  such  abundant  sources 
of  this  valuable  rock  are  within  their  reach,  should  their  present 
means  of  supply  be  cut  off. 

The  limestone  quarries  in  Smitbfield,  Rhode  Island,  are  so  situ- 
ated as  to  be  of  great  importance  to  Massachusetts,  being  accessi- 
ble to  a  large  portion  of  the  southeastern  part  of  our  State,  and 
lying  close  to  the  Blackstone  canal.  The  limestone  here  is  white 
and  granular ;  very  much  resembling  that  m  the  towns  northwest 
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of  Boston,— especially  that  in  Stoneham.  It  occurs  in  two  priii'» 
cipal  beds^  about  two  miles  apart.  I  was  told  by  au  agent  of  one 
of  the  companies,  which  own  this  limestone,  that  not  far  from 
twenty  thousand  casks  of  lime,  containing  from  thirty  eight  to 
forty  gallons  each,  and  worth  nearly  two  dollars  each,  are  annu-> 
ally  prepared  in  the  whole  town. 

Several  beds  of  limestone  may  be  seen  on  the  Map  in  the  eas^ 
tern  part  of  the  range  of  mica  slate  in  Franklin  county,  west  side 
of  the  Connecticut,  in  the  towns  of  Whately,  Conway,  Ashfield, 
Colerain,  be.  But  this  limestone  is  quite  impure,  and  is  not  gen- 
erally distinguished,  by  the  inhabitants  of  those  towns,  from  the 
mica  slate.  It  becomes  an  interesting  enquiry,  to  those  residing 
in  the  valley  of  the  Connecticut,  where  quick  lime  is  more  ex- 
pensive than  in  any  other  part  of  the  State,  whether  this  stone 
can  be  profitably  converted  into  mortar.  Very  few  attempts  have 
yet  been  made  to  burn  it,  and  those  obviously  quite  unsatisfactory. 
Those  who  made  these  attempts  probably  thought  that  the  stone, 
after  burning,  would  slack  with  as  much  energp  and  readiness  as 
pure  quick  lime ;  and  because  the  process  went  on  slowly  and 
feebly,  they  have  inferred  that  the  lime  would  be  of  no  value* 
At  least,  I  know  this  to  have  been  th|e  conclusion  in  one  instance, 
in  which  1  had  procured  the  burning  of  a  considerable  quantity  of 
this  limestone,  in  a  regular  lime  kiln.  But  the  mason,  not  seeing 
it  slack  briskly,  did  not  think  it  necessary  to  apprize  me  of  what 
he  was  doing,  and  mixed  it  with  other  lime,  and  defeated  the 
whole  experiment.  I  have,  however,  burnt  a  few  pounds  of  this 
stone  in  a  common  chemical  furnace,  and  found  it  to  form  a  v^ry 
excellent  mortar ;  although  requiring  less  sand  than  pure  lime. 
Bricks  cemented  with  it  two  or  three  years  since,  still  remain  as 
firmly  united  as  ever. 

This  limestone  contains  a  large  proportion  of  sllex,  which,  on 
burning,  becomes  a  harsh  sand.  Wishing  to  know  how  much  of 
pure  carbonate  of  lime  is  contained  in  it,  I  powdered  and  dis- 
solved portions  of  it,  from  different  localities,  in  muriatic  acid ; 
and  the  results  were  as  follows : 

1.  Purest  variety  from  Whately;  100  parts  contain  carbonate 
of  lime  78 ;  residuum  (chiefly  sand)  22  parts. 

3.  Compact  variety  from  Conway ;  carbonate  of  lime  58  parts ; 
siliceous  residuum  42  parts. 

3.  Poorest  from  Whately  ;  carbonate  of  lime  67  parts  ;  silice- 
ous residuum  33  parts. 

4.  From  Southampton ;  carbonate  of  lime  40  parts ;  siliceous 
matter  60  parts. 

I  tried  some  specimens  of  our  best  limestones  in  the  same 
manner,  with  the  following  results : 
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1.  Gray  limestone  from  New  Marlborough  ;  carbonate  of  lime, 
08  parts ;  residuum  (chiefly  mica)  2  parts. 

2.  Gray  limestone  from  Walpole  ;  carbonate  of  lime  92  parts ; 
residuum  8  parts. 

3.  White  crystalline,  from  Boxborougb  ;  carbonate  of  lime,  99 
parts  ;  residuum  1  part. 

It  is  my  decided  opinion  that  the  limestone,  described  above, 
in  the  primitive  region  of  the  Connecticut  valley,  may  be  usefully 
employed  either  for  mortar,  or  for  spreading  upon  the  soil.  The 
beds  of  it  are  quite  numerous  in  all  the  towns  where  they  are  oc- 
casionally marked.  I  think,  however,  that  the  best  variety  occurs 
in  Whately,  where,  should  it  ever  come  into  use,  on  the  north  line 
of  the  town,  is  a  hill  large  enough  to  supply  the  whole  valley  of 
the  Connecticut  for  centuries.  This  locality  is  favorably  situated 
for  working,  so  as  to  furnish  that  valley  ;  being  not  more  than  two 
or  three  miles  from  the  Connecticut,  and  the  whole  distance  nearly 
level.  I  cannot  but  hope  that  the  attention  of  some  enterprising 
gentleman  may  be  directed  to  this  subject;  and  should  he  succeed 
in  preparing  even  tolerable  lime  from  this  rock,  he  would  confer  a 
great  favor  lipon  the  inhabitants  of  that  section  of  the  State. 

A  large  portion  of  the  limestone  in  Berkshire  is  excellent  for 
burning  into  ^uick  lime  :  and  even  in  several  towns  where  none  of 
the  rock  occurs  in  ledges,  so  abundant  are  the  loose  masses,  trans- 
ported thither  by  a  current  of  water  in  early  times,  that  it  is  burnt 
in  considerable  quantities.  This  is  the  case  in  Windsor,  Peru,  be, 
from  whence  lime  is  transported  in  wagons  to  the  valley  of  the 
Connecticut. 

Probably,  however,  a  still  larger  proportion  of  the  lime  used  in 
that  valley,  particularly  in  its  northern  part,  is  brought  from  Whi- 
tingham,  Vt.,  a  town  lying  directly  north  of  Rowe  in  Franklin 
county.  This  limestone  is  white  and  crystalline,  and  it  exists  in 
large  quantities.  It  approaches  within  a  few  rods  of  the  Massa- 
chusetts line,  and  may  even  pass  over  it  in  some  places. 

Two  interesting  beds  of  limestone  of  a  peculiar  character,  have 
been  discovered,  within  a  few  years,  in  the  valley  of  the  Conneo- 
tbut,  at  West  Springfield,  a  few  miles  south  of  Mount  Tom.  It  is 
chiefly  the  fetid  limestone,  though  mixed  with  various  impurities. 
But  it  answers  well,  and  that  too  on  account  of  its  impurity,  for 
vrater  proof  cement,  or  mortar  that  will  harden  under  water.  It 
was  used  on  the  Farmington  canal,  particularly  in  the  construction  of 
the  acqueduct  across  Westfield  river.  The  same  rock  occurs  at 
Southington  and  Middletown,  Ct.,  and  I  doubt  not  may  be  found  in 
many  other  places,  along  the  river,  associated  with  the  new  recj 
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sandstone.  I  am  not  aware  that  fetid  limestone  has  ever  before 
been  used  as  a  water  proof  cement  In  Europe,  and  I  believe  in 
New  York^  the  blue  argillaceous  limestone  is  employed.  Pure 
lime,  however,  will  answer  the  purpose,  if  it  be  mixed  with  puzzo- 
lana  or  tarras.  The  former  of  these  substances  is  decomposing 
lava,  and  the  latter  decomposing  basalt.  I  doubt  not  but  that  de- 
composing  greenstone  will  answer  as  well ;  and  if  so,  it  can  be 
found  in  abundance  on  the  north  of  Boston,  and  near  Connecticut 
river,  particularlv  in  Greenfield  and  Deeriield.  Lava,  basalt,  and 
greenstone,  are  so  much  alike,  that  I  think  the  latter  well  worth  a 
trial.  Indeed,  if  I  recollect  aright,  the  experiment  has  already 
been  successfnlly  tried  in  New  Haven,  Ct. 

As  the  Springfield  limestone  is  abundant,  it  would  be  very  desir- 
able to  have  it  tried  upon  some  land  in  the  vicinity :  for,  if  it  an- 
swers well  in  agriculture,  (and  I  see  no  reason  why  it  may  not,)  it 
might  prove  an  invaluable  acquisition  to  the  farming  interest  of  the 
Connecticut  valley. 

Postscript. — Discovery  of  good  Limestone  in  the  valley  of  the 

Connecticut. 

After  the  preceding  remarks  upon  the  limestones  of  Massachu- 
setts were  written,  I  received  specimens,  through  the  kindness  of 
Mr.  Henry  W.  Cushman,  of  crystalline  carbonate  of  lime,  found 
in  Bemardston,  near  the  centre  of  the  town,  and  a  short  distance 
from  the  stage  road  from  Greenfield  to  Brattleborough,  Vt.  I 
immediately  visited  the  spot,  and  found,  indeed,  a  large  bed  of 
limestone,  connected  with  quartz  rock,  or  argillaceous  slate,  not 
less  than  fifty  rods  long,  and  three  or  four  rods  thick,  appearing 
at  the  summit  of  a  hill,  and  dipping  nearly  southeast  at  a  small 
angle.  In  the  limestone  is  a  large  bed  of  iron  ore,  which  was 
dug  forty  or  fifty  years  since,  and  with  the  limestone  sent  to  Win- 
chester, N.  H.,  to  be  smelted.  Neither  the  limestone,  nor  the 
iron  have  been  thought  worthy  of  attentbn  since.  But  a  kiln  of 
the  former  has  recently  been  burnt,  and  found  to  produce  a  very- 
strong  lime,  although  of  a  rather  darker  color  than  the  white  lime- 
stones  generally  produce.*  This  results  from  a  quantity  of  the  hy- 
drate of  iron,  which  penetrates  the  seams  of  the  rock :  but  this  does 
not  injure  the  stone  for  mortar,  and  probably  even  makes  it  more 
valuable.  The  bed  is  only  three  or  four  miles  from  Connecti- 
cut river  and  on  the  bank  of  Fall  river,  a  small  stream  that  emp- 
ties into  the  Connecticut.     By  going  to  Cheapside,  in  Deerfieldi 

*A|>ra  133i.  hurge  qouititiMi  of  this  limartone  hara  been  burnt  more  recently 
and  it  ia  getting  into  uee  extensively.  If  more  kilns  were  in  operation,  proba- 
bly there  would  be  a  demand  for  the  prodncts.  I  am  informed  also  that  an  effort 
is  now  making  by  an  intelligent  gentleman  to  smelt  the  iron  ore. 


Digitized  by  CjOOQ IC 


Marih.  89 

^eight  mOes,)  over  a  lerd  and  exceUent  road,  water  commuoiea 
tioD  with  the  whole  valley  of  the  Connecticut,  will  be  reached. 
I  have  little  doubt,  that  if  this  limestone  should  be  extensively 
bonit,  it  will  reduce  the  value  of  quicklime  in  that  valley,  from 
twenty  five  to  fifty  per  cent. :  a  benefit  superior  to  any  that  could 
he  conferred  by  the  discovery  of  a  gold  or  silver  mine. 

I  dissolved  some  of  this  lime,  in  diluted  nitric  acid,  to  see  if  it 
contains  magnesia.  The  solution  was  not  milky,  and  therefore 
no  magnesia  was  present.  I  also  dissolved  100  grains  in  muriatic 
acid,  and  the  siliceous  residuum  was  only  a  single  grain  :  the  99 
grains^  are  probably  chiefly  carbonate  of  lime ;  although  whatever 
amount  of  oxide  of  iron  was  present,  would  also  be  dissolved.* 

Marble^ 

The  limestone  of  Berkshire  b  best  known  for  the  fine  marble 
which  it  produces.  It  is  all  of  that  variety  denominated  primi«> 
tive  marble.  It  is  always  more  or  less  crystalline,  sometimes 
very  coarsely  so.  The  prevailing  color  Ui  white ;  and  this  is  the 
variety  most  extensively  wroughL  Some  varieties  are  snow  white, 
and  admit  of  a  very  fine  polish.  From  this  pure  white,  the  color 
changes  by  imperceptible  gradations  to  gray,  and  dove  color. 
These  varieties  form  delicate  marbles.  But  probably  most  persons 
would  say  that  the  clouded  variety,  where  the  white  and  the  gray 
are  fantastically  mined,  is  most  elegant. 

More  drless  mari)le  is  quarried  in  almost  every  town  of  Beric- 
shire  county,  except  a  few  on  its  eastern  side.  But  the  towns 
where  it  is  most  extensively  wrought  are  West  Stockbridge,  Lanes* 
borough,  New  Ashford,  Sheffield,  New  Marlborough  andAdifins. 
A  few  years  since.  Prof.  Dewey  stated  the  amount  of  marble 
annually  fumbbed  by  West  Stockbridge,  to  be  sixteen  thousand 
square  feet,  valued  at  $25,000  to  $30,000 ;  the  amount  at  Lane^- 
borough,  seven  thousand  feet;  value  $10,000;  and  m  Sheffield,  to 
the  value  of  $8,000.  In  all  the  county,  the  annual  value  of  mar- 
ble was  estimated  to  be  more  than  $40,000.  Still  more  recently 
there  were  in  operation  in  West  Stockbridge,  for  sawing  marble, 
nine  mills,  moved  by  water  power ;  and  two  hundred  hands  were 
employed.  From  twelve  to  fifteen  quarries  had  been  opened ;  and  in 
1837,  about  two  thousand  seven  hundred  tons  of  marble  were  ex- 
ported fit>m  this  town.  The  marble  used  in  building  the  city  hall 
in  New  York  City  was  chiefly  firom  this  town.    A  part  of  the  msF- 

•  sun  more  reeantlj  a  bed  of  erytteUine  limestone  has  been  firaad  in  the  north 
weit  pert  of  Blaniord,  which  will  be  dMcribed  in  the  third  part  of  m^  Beport.  I 
brieve  that  as  jet  no  attempt  has  been  made  to  bom  this  rock  into  qaicklime. 
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ble  in  the  state  bouse  in  Boston,  was  from  the  same  place^  In 
1828,  a  charge  of  two  hundred  and  four  pounds  of  powder  was 
put  into  the  rock  in  one  of  the  West  Stockbridge  quarries>  and  a 
block  from  fifty  to  sixty  feet  square  and  eight  feet  thick,  was  raised 
and  as  much  more  loosened. 

Tb^  Lanesborough  marble  is  of  a  superior  quality,  and  a  good 
sample  of  it  may  be  seen  in  the  capitol  at  Albany.  The  New 
Ashford  quarries  furnish  a  marble  of  the  same  kind  ;  and  serer- 
ai  quarries  are  opened.  Only  one  mill  is  there  erected  for  sawing 
it  into  slabs.  A  mill  of  the  same  kind  is  in  operation  in  Lenox, 
and  another  at  New  Mariborough.  In  Sheffield,  three  quarries 
are  opened.  In  Alford,  two.  In  Egremont,  a  bed  of  marble  lime- 
stone extends  nearly  through  the  town. 

There  can  be  no  doubt  that  greater  facilities  for  the  transporta- 
tion of  the  Berkshire  marble— -such  as  a  rail  road  to  the  Hudson 
—would  greatly  increase  the  demand  for  it,  by  reducing  its  price. 
Such  facilities  will  undoubtedly  be  provided  at  some  future  time. 
For  as  a  country  grows  older,  and  increases  in  wealth  and  refine- 
ment, its  valuable  and  ornamental  minerals  and  rocks  will  be  more 
sought  after  and  used.  The  inhabitants  of  Berkshire  cannot, 
therefore,  but  regard  their  inexhaustible  deposits  of  marble  and 
common  limestone,  as  a  rich  treasure  to  themselves,  and  an  inval- 
uable legacy  to  their  posterity. 

The  limestone  of  Smithfleld,  R.  I.,  and  of  Stoneham,  in  this 
State,  bears  a  close  resemblance  to  that  which  produces  the  cele- 
brated Carara  marble  of  Italy.  But  as  yet,  few  blocks  have  been 
obtained  at  either  of  these  localities,  large  enough  and  free  enough 
from  fissures,  to  be  used  for  statuary. 

Serpentine. 

In  richness  and  variety  of  colors,  thb  rock  exceeds  all  others ; 
and  is,  therefore,  eminently  suited  for  ornamental  sculpture  and 
architecture.  The  prevailing  color  is  green,  of  different  shades, 
spotted  or  clouded,  or  veined  with  other  colors  ;  and  hence  its 
name,  from  its  spotted  and  striped  appearance,  bearing  a  resem-^ 
blance  to  the  skins  of  some  serpents.  In  hardness,  it  varies  very 
much ;  being  in  some  instances  very  hard,  and  in  others,  as  easily- 
wrought  as  marble. 

This  rock  exists  in  Massachusetts  in  great  abundance,  particu- 
larly in  the  Alpine  part  of  the  State,  or  in  the  Hoosic  mountain 
range.  The  most  extensive  bed  occurs  in  Middlefield,  in  the  south- 
em  part  of  the  town.  This  bed  cannot  be  less  than  a  quarter  of 
a  mile  in  breath,  and  five  or  six  miles  long.  The  colors  of  the 
rock  are  various,  and  its  hardness  unequal.     If  wrought,  it  might 
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supply  the  whole  world.  It  yields  both  the  precious  and  common 
varieties.  There  is  another  bed  in  the  same  town,  associated  with 
steatite  or  soapstone.  In  the  west  part  of.  Westfield  is  found 
another  extensive  bed  of  this  rock,  extending  into  Russell,  of  a 
mnch  darker  color,  and  containing  green  talc.  This  has  been  used 
in  a  few  instances  for  ornamental  architecture,  and  has  a  rich  ap- 
pearance when  wrought.  Three  beds  of  serpentine  are  found  in 
Blanford,  and  another  in  Pelham,  in  the  southwest  part  of  the 
town.  The  color  of  this  last  is  quite  dark,  and  the  quantity  of 
the  talc  is  considerably  large.  A  large  bed  occurs  in  connection 
with  soapstone,  on  the  north  side  of  Deerfield  river,  in  Zoar, 
near  the  turnpike  from  Greenfield  to  Williamstown.  Specimens 
from  this  place  resemble  those  from  the  celebrated  localities  of 
thb  rock  at  Zobilitz,  in  Saxony.  Serpentine  also  exists  at  Wind- 
sor io  two  beds ;  and  there  b  an  immense  bed  of  it  in  Marlbor- 
ough, and  another  still  larger  in  Cavendish  ;  as  also  in  several 
other  towns  in  the  lower  part  of  Vermont. 

The  only  locality  of  this  rock  in  the  eastern  part  of  the  State, 
that  I  know  of,  is  in  Newbury,  two  and  a  half  miles  south  of  New- 
buryport,  near  the  Boston  turnpike,  at  an  abandoned  lime  quarry. 
The  precious,  or  noble  serpentine  is  found  here  very  beautiful, 
and  very  much  resembling  that  of  Cornwall  in  England.  No  ser- 
pentine in  the  State  will  compare  in  beauty  with  this ;  but  per- 
haps if  the  other  beds  were  explored  by  blasting,  they  would  put 
on  a  different  aspect.  (Nos.  870  to  873.)  Serpentine  also  ex- 
ists at  Newport,  R.  I.,  of  a  dark  color  and  compact  texture. 

Serpentine  and  limestone,  irregularly  mixed,  form  the  noted 
Verd  Antique  marble.  Such  a  mixture  occurs  at  Becket,  accord- 
ing to  Prof.  Dewey,  in  a  bed  of  gneiss.  The  limestone  is  also 
sometimes  mingled  with  the  serpentine  at  Newbury  and  at  West- 
field.  I  cannot  see  why  these  varieties  are  not  Verd  Antique, 
though  I  would  not  decide  very  confidently.  At  New  Haven  and 
Milford,  Ct.,  extensive  quarries  of  Verd  Antique  marble  have 
been  opened.     It  is  the  Ophicalce  grenue,  of  Brongniart. 

Considering  the  extent  and  variety  of  serpentine  in  Massachu- 
setts, it. seems  not  a  little  surprising  that  no  efforts,  or  next  to 
none,  have  been  made  to  use  it  for  ornamental  or  architectural 
purposes.  In  Europe,  it  is  employed  for  trinkets,  vases,  boxes, 
chimney  pieces,  and  even  columns  of  large  size.  In  Spain,  it  is 
said  that  churches  and  palaces  abound  with  columns  of  this 
description.  If  ever  the  serpentine  of  Massachusetts  shall  be  ex- 
tensively wrought,  I  doubt  not  that  specimens  will  be  obtained, 
rivalling  the  finest  varieties  of  Europe.  It  is  not  at  present  easy 
to  obtain  band  specimens,  that  shall  give  a  fair   representation   of 
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this  rock,  because  it  is  injured  to  a  considerable  depth,  from  the 
surface  exposure. 

Steatitty  or  Soapstone. 

This  is  the  softest  of  all  the  rocks  employed  in  architecture. 
This  property,  rendering  it  easy  to  be  sawed  or  cut  without  injur- 
ing an  edge  tool,  and  its  greasy  or  soapy  feel,  are  such  striking 
characteristics  of  this  rock,  that  most  people  are  acquainted  with 
it.  It  is  sometimes  called  potstone,  and  sometimes  in  this  coun- 
try, freestone. 

Next  to  the  ease  with  which  it  may  be  wrought,  its  great  power 
in  resisting  heat,  is  the  most  valuable  property  of  this  rock.  Hence 
it  is  extensively  employed  for  fire  places  and  furnaces. 

It  is  also  turned  into  crucibles  and  small  furnaces  for  culinary 
use.  Inkstands  are  made  of  it  in  great  numbers,  and  various  other 
articles.  As  it  hardens  in  the  fire,  it  is  used  in  Europe  for  imita- 
ting engraved  gems.  It  has  been  employed  in  various  countries 
as  a  substitute  for  soap  and  fuller's  earth. ,  Spanish  and  French 
chalk  are  varieties  of  steatite.  Savage  nations  are  said  to  mitigate 
hunger  by  eating  this  soft  mineral ;  as  however  it  contains  nothing 
^alimentary,  it  can  act  only  as  a  palliative  of  hunger.*  Those  vari- 
eties that  are  most  infusible  are  employed  in  England  extensively 
m  the  manufacture  of  porcelain. 

Steatite,  like  serpentine,  usually  occurs  in  beds  of  no  great  ex- 
tent. They  are  numerous  in  Massachusetts,  and  very  commonly 
they  are  associated  with  serpentine,  or  in  the  vicinity  of  it.  This 
is  the  case  in  the  northeast  part  of  Middlefield,  where  one  of  the 
finest  beds  of  it,  in  the  State,  is  found  ;  although  it  contains  small 
masses  oi  bitter  spar,  which  renders  it  less  easy  to  work.  But 
this  quarry  has  been  explored  more  extensively  than  any  other  in 
the  State ;  and  the  blocks  transported  to  Northampton,  and  even 
to  Boston.  In  Windsor  are  not  less  than  three  beds  of  this  rock, 
from  which  the  New  Lebanon  Shakers  obtain  it,  for  converting 
into  inkstands.  I  was  told  that  a  bed  of  it  exists  in  Cheshire. 
Another  occurs  in  Savoy  ;  one  in  Hinsdale  ;  one  also  in  Blanford, 
which  is  wrought  and  produces  an  excellent  stone.  Two  beds  oc- 
cur in  Granville,  which  I  have  not  visited.  Another  b  opened  in 
Zoar,  where  are  two  distinct  varieties,  one  nearly  white,  another 
of  a  deep  green.  In  Rowe  is  another  quarry,  where  these  two 
varieties  are  equally  distinct.  At  the  two  last  named  localities, 
however,  the  rock  is  distinctly  green  and  white  talc ;  and  indeed, 
the  two  minerals  (talc  and  steatite)  are  probably  in  every  case 
identical. 


*  Sm  Broogniart's  Mineralogy. 
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On  tbe  east  side  of  Connecticut  river  are  several  beds  of 
this  rock,  more  or  less  quarried  in  every  instaoce';  but  in  general 
not  explored  deep  enough  to  develope  the  rock  in  its  unaltered 
character ;  for  tbe  air  and  moisture  generally  affect  it  for  several 
feet  deep.  In  the  south  part  of  Sbutesbury  is  one  bed  ;  in  the 
scMitbwest  part  of  Wendell  another ;  and  two  miles  east  of  tbe  cen- 
tre of  New  Salem,  a  third.  The  quality  of  the  rock  at  these  pla- 
ces, is  not  as  good  as  that  west  of  the  river ;  though  it  has  scarcely 
been  explored  at  all,  at  the  localities  above  mentioned. 

In  Groton  is  a  bed  of  soapstone  on  which  considerable  labor  has 
been  expended.  Its  width  appears  to  be  10  or  12  feet,  and  it  de- 
scends into  the  earth  towards  the  southeast ;  dipping  about  30^, 
and  lying  between  layers  of  mica  slate.  It  is  not  of  the  best  quali- 
ty, being  somewhat  too  hard ;  yet  its  proximity  to  Boston,  New- 
baryport,  and  Salem,  will  probably  render  it  an  object  of  impor- 
tance. 

A  bed  of  soapstone  has  recently  been  discovered  in  Worcester ; 
and  the  specimens  thence  obtained,  (Nos.  403  and  1548,)  show  it 
to  be  more  elegant  in  appearance  than  any  other  in  the  State. 
The  bed  (which  I  have  not  personally  examined,)  has  yet  (1834,) 
been  penetrated  only  about  five  feet :  but  should  it  prove  exten- 
sive, its  situation  so  near  the  Blackstone  Canal,  will  render  it  an 
object  of  no  little  importance. 

In  the  states  adjoining  Massachusetts,  and  not  many  miles 
firom  its  limits,  several  extensive  and  valuable  quarries  of  soapstone 
have  been  opened.  In  Vermont  they  occur  at  Marlborough, 
Windham,  and  Grafton.  In  New-Hampshire,  very  fine  steatite 
is  foOnd  at  Francestown.  In  Connecticut,  a  bed  has  been  wrought 
in  Somers.  The  Grafton  steatite  is  employed  extensively  and 
successfully  for  aqueducts :  the  joints  bein^  connected  by  sheet 
lead.  A  bed  of  this  rock  exists  in  Smithfield,  R.  I.,  although  it 
b  not  wrought ;  there  are  beds  also  in  several  other  places  in  that 
state. 

From  tbe  preceding  statements  it  seems  that  in  this  State,  and 
cautious  to  it,  immense  quantities,  and  every  variety  of  steatite 
exist  As  yet,  however,  the  working  of  it  has  hardly  commenced ; 
although  almost  every  man  is  aware  of  the  value  of  this  rock ;  and 
there  are  few  who  do  not  sometimes  stand  in  the  need  of  it  for 
economical  purposes.  As  the  facilities  for  transportation  are  mul- 
tiplied, and  particularly  in  the  mountainous  part  of  the  State,  its 
use  will  undoubtedly  be.greatly  extended.  At  present,  I  believe, 
the  shops  in  Boston  are  supplied  from  Vermont  and  New  Hamp« 
shire. 
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Graywacke. 

For  the  most  part,  this  rock  furnishes  a  coarse  stone  only  fitted 
for  a  common  wall ;  but  sometimes  its  stratification  is  so  regular^ 
and  its  grains  are  so  fine,  that  it  answers  well  for  underpinning, 
step-stones,  &c.  It  is  quarried  I  believe  in  Brighton,  and  some 
other  towns  in  the  vicinity  of  Bo^on.  At  Pawtuoket,  on  the 
Rhode  Island  side  of  the  river,  is  an  extensive  quarry  of  a  fine  grained 
and  slaty  variety,  which  I  should  judge  would  form  a  good  flagging 
stone ;  and  immense  quantities  have  been  taken  away  for  this  object 
and  for  other  purposes.  On  Canonicut  island  in  that  state,  is  also 
a  valuable  quarry  of  this  rock. 

Graywacke  is  sometimes  beautifully  amygdaloidal ;  that  is,  it  con- 
tains numerous  rounded  or  almond  shaped  nodules  of  some  other 
mineral.  In  these  instances,  however,  the  base  of  the  rock  is  rath- 
er WacJce,  than  graywacke.  This  wacke  (which  resembles  indu- 
rated clay,)  often  forms  the  cement  of  graywacke.  In  Brighton 
it  is  of  a  reddish  color,  while  the  imbedded  nodules  are  sometimes 
white,  and  sometimes  white  feldspar  with  epidote,  which  is  of  a 
lively  green  color;  and  these  substances  are  not  only  in  rounded 
masses,  but  in  veins  of  irregular  shape.  The  rook  is  hard  and  ad- 
mits an  imperfect  polish.  It  then  resembles  porphyry  and  is  ele- 
gant. A  fine  example  of  this  may  be  seen  at  the  residence  of 
H.  A.  S.  Dearborn,  Esq.  in  Roxbury,  forming  a  pedestal  for  the 
bust  of  his  father.  It  is  only  slightly  polished,  but  would  general- 
ly be  mistaken  for  porphyry. 

A  similar  amygdaloid  occurs  in  Brookline,  Newton  and  Need- 
ham.  A  variety  still  more  beautiful  is  found  in  Hingham.  The 
color  of  the  base  is  chocolate  red ;  and  the  nodules  are  red,  green 
and  white.     I  do  not  know  whether  large  blocks  can  be  got  out. 

I  think  upon  the  whole,  however,  that  the  finest  amygdaloid 
occurs  in  Saugus,  on  the  hill  a  few  rods  east  of  the  meeting  house. 
The  base  is  a  pleasant  green,  and  the  nodules  white  compact  feld- 
spar, generally  spherical,  and  thickly  interspersed.  I  have  little 
doubt  that  large  blocks  can  be  obtained  at  this  locality ;  but  as  the 
base  is  softer  than  the  nodules,  it  can  be  only  imperfectly  polished. 

Argillaceoui  Slate. 

A  more  common  name  for  this  rock,  at  least  for  the  most  use- 
ful variety  of  it,  is  roofslate;  because  it  is  used  for  forming  the 
roofs  of  houses.  I  have  been  inclined  sometimes  to  regard  the 
ranges  in  Quincy,  Watertown,  Charlestowh,  and  Chelsea,  as  a 
fine  grained  variety  of  graywacke;  but  this  question  may  be 
more  properly  considered  in  the  scientific  part  of  my  Report.     At 
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any  rate,  this  rock,  in  the  towns  above  mentioned,  does  not  split 
into  layers  sufficiently  thin  for  roofing.  But  it  is  vahiable  for 
gravestones,  the  covering  of  drains,  flagging  stones,  be. ;  and  for 
these  purposes  it  is  extensively  wrought  in  Quincy,  Charlestown, 
be 

Novaculite. 

Ths  is  a  variety  of  argillaceous  slate  which  is  known  in  the  arts 
Doder  the  name  of  hone,  oil  stone,  turkey  stone,  and  whetstone. 
It  is  in  beds  of  argillaceous  slate  in  Charlestown,  Maiden  and 
Quincy.  It  is  not,  however,  of  a  very  good  quality ;  and  I  am  not 
aware  of  its  being  used  for  hones,  or  even  for  whetstones :  although 
it  might  answer  the  purpose,  if  better  materials  could  not  be 
found  elsewhere.  M.  Godon,  in  his  account  of  the  geology  of 
Boston  and  vicinity,  says  that  a  compact  feldspar  b  found  there 
perfectly  analagous  to  the  turkey  stone.  I  have  found  a  variety 
of  ibis  mineral  in  Newbury,  whwh  I  apprehend,  corresponds  with 
that  described  by  this  writer,  and  a  specimen  may  be  seen  in  the 
collection ;  bot  no  fair  trial  that  I  know  of  has  been  milde  to  eon 
ploy  Ibis  stone  as  a  bone.     (No.  1206.) 

Roof  Slate  in  Worcester  County, 

The  range  of  slate  exhibited  on  the  Map  in  the  towns  of  BoyIs« 
ton,  Lancaster,  Harvard,  Shiriey  and  Pepperell,  is  associated  with 
the  peculiar  mica  slate  that  contains  the  Worcester  coal.  It  an** 
swers  k»  roofing  in  some  parts  of  the  bed  and  has  been  quarried 
ibr  this  purpose  in  Lancaster.  It  has  been  wrought  considerably 
in  Harvard  and  Pepperell  for  gravestones  ;  and  is  transported  a 
oonsiderabie  distance  ibr  this  purpose.  The  stratum  is  narrower 
near  the  north  line  of  the  State ;  but  I  have  found  no  time  to  as* 
certain  bow  far  it  extends  into  New  Hampshire. 

Connecticut  River  Slate. 

Altbongb  a  large  part  of  Bemardston  is  represented  as  com-» 
posed  of  this  slate,  yet  its  characters  are  not  perfectly  developed, 
till  we  pass  into  Vermont.  In  Guilford,  Brattleborough,  Durh 
merston,  and  even  50  or  60  miles  farther  north,  it  produces  an  excel'* 
lent  material  for  roo6,  writing  slates,  &c. ;  and  extensive  quar* 
ries  are  opened  in  it  in  those  towns.  The  best  slate  used  in  Mas* 
saebosetts  probably  comes  from  this  range.  In  Bemardston  it  b 
quarried  to  some  extent  for  gravestones. 

Berkshire  Slate. 
The  mica  slate  of  the  western  section  of  the  State,  passes  grad« 
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ually  into  roofslate,  but  in  most  instances  the  characters  of  the 
latter  are  not  very  perfectly  exhibited,  until  we  have  entered 
New  York.  There,  however,  in  Hoosic,  and  other  towns,  it  is 
quarried  extensively  for  roofing  ;  and  the  western  part  of  Massa- 
chusetts is  always  sure  of  a  supply  of  this  valuable  material  from 
that  quarter  if  not  within  its  own  limits. 

Graphic  Slate. 

This  occurs  in  small  quantities,  along  with  the  argillaceous  slate» 
in  Laoesborough  and  Williamstown ;  also  abundantly  in  Benning- 
ton, Vt.  Prof.  Dewey,  from  whose  account  I  derive  this  fact, 
does  not  state  whether  it  is  pure  enough  to  be  employed  by  artifi- 
cers for  drawing  lines,  and  for  crayons ;  uses  to  which  this  mineral 
has  been  applied  in  other  countries. 

New  Red  Sandstone. 

This  rock  occurs  in  Massachusetts,  only  in  the  vicinity  of  Con- 
necticut river ;  along  which,  on  both  sides,  ranges  extend  from 
Middletown,  Ct.  to  Vermont.  It  affords  large  quantities  of  good 
stone  for  building  and  other  purposes.  Some  of  the  numerous 
varieties  of  this  rock  are  slaty  ;  and  either  of  a  red,  gray,  or  black 
color.  These  varieties  furnish  good  flagging  stones ;  and  the  side 
walks  of  all  the  principal  places  along  the  river,  are  chiefly  cov- 
ered by  them.  In  the  more  common  varieties,  the  strata  are  from 
six  inches  to  two  feet  or  more  in  thickness  :  and  for  the  most  part 
the  color  is  red,  though  sometimes  gray.  From  these  thicker  strata 
is  obtained  most  of  the  rock  of  this  formation  used  in  architecture. 
The  most  delicate  variety  occurs  in  Longnieadow  and  Wilbraham. 
It  consists  simply  of  an  almost  blood  red  sand,  cemented  probably 
by  iron.  It  is  remarkably  uniform  in  its  color  and  composition  ; 
and  forms  a  beautiful  and  most  valuable  building  stone ;  though 
liable  to  be  easily  injured  and  sometimes  disintegrating  by  expos- 
ure. The  quantity  of  this  rock  is  inexhaustible,  and  it  occurs 
only  from  three  to  five  miles  from  Connecticut  river  ;  the  intervene 
ing  region  being  nearly  level.  A  great  number  of  quarries  are  now 
explored  ;  but  I  have  no  means  of  determining  how  great  is  the 
demand  for  the  stone.  The  celebrated  Chatham  quarries,  on  the 
banks  of  the  Connecticut  river,  in  Connecticut,  are  opened  in  the 
same  kind  of  rock,  although  a  coarser  variety. 

Another  variety  of  the  new  red  sandstone,  quarried  in  many 
places  in  Massachusetts  and  Connecticut,  is  coarser  than  the  Long- 
meadow  stone  ;  but  being  harder,  it  is  more  enduring,  though  less 
elegant.  This  variety  is  quarried  extensively  for  the  Farmingrtoo 
Canal,  in  the  sandstone  range  south  of   Mount  Tom  in  West 
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SpriogGeld.  A  gray  and  rather  coarse  variety  is  used  in  some 
places,  e.  g.  in  Granby,  Mass.  This  indeed,  with  the  other  va- 
rieties mentiooed  above,  forms  excellent  underpinning,  door  and 
window  caps,  and  foundations,  and  door  steps  ;  and  like  the  Berk- 
shire marble,  they  are  sometimes  wrought  into  sinks  and  other  sim- 
ilar articles.  The  ease  with  which  the  rocks  of  this  formation  are 
wrought,  forms  a  great  recommendation  ;  and,  were  they  as  endur- 
ing as  gneiss  and  granite,  these  latter  rocks  would  soon  be  neg- 
lected. 

Tertiary  Formations. 

I  suspect  there  are  are  only  two  varieties  of  these  formations  in 
Massachusetts ;  one  developed  most  perfectly  in  the  west  part  of 
Martha's  Vineyard,  and  the  other,  and  the  most  extensive,  along 
the  Connecticut  river,  although  common  in  limited  patches  all  over 
the  State.  Neither  of  these  formations  furnishes  stones  sufficiently  . 
firm  for  architectural  purposes,  although  in  a  few  instances,  I  have 
observed  limited  beds  of  the  clay,  sand  and  pebbles,  that  compose, 
these  ^formations,  to  be  in  a  state  of  consolidation.  Nearly  all  our 
clays,  however,  are  in  the  tertiary  formations,  and  these  are  so  im- 
portant in  an  economical  point  of  view,  as  to  demand  a  particular 
description. 

Porcelain  Clay. 

This  is  the  purest  of  all  the  clays,  and  is  the  only  one  em- 
ployed in  the  manufacture  of  porcelain,  or  China  ware.  It  re- 
sults fropi  the  decomposition  of  granite ;  and  hence  we  might  ex- 
pect to  find  it  in  Massachusetts ;  since  we  abound  so  much  in 
granite.  As,  however,  the  manufacture  of  this  ware  has  but  re- 
cently been  introduced  into  this  country,  little  effort  has  been 
made  to  discover  this  clay.  It  has  been  announced,  as  existing  in 
several  towns  in  the  State,  although  the  bed  in  Savoy,  described 
by  Prof  Dewey,  in  his  account  of  the  geology  of  Berkshire,  is 
probably  the  only  one  known  that  merits  a  notice  in  this  Report 
It  is  said  to  constitute  a  layer  three  feet  thick,  and  of  unknown 
extent,  several  feet  below  the  surface.  It  contains  coarse  particles 
of  quartz,  which  can,  however,  be  separated  by  sifting.  It  resem- 
bles the  porcelain  clay  of  Monkton,  Vt.,  which  is  regarded  as  of 
a  good  quality.  It  forms  a  very  cohesive  white  paste,  and  cruci- 
bles* made  from  it,  and  burned  in  a  common  fire,  were  sonorous 
when  struck.  A  similar  clay  is  said  to  occur  in  large  quantity  in 
Canaan,  Ct. 

A  part  of  the  extensive  clay  beds  on  Martha's  Vineyard,  ap- 
pears to  be  porcelain  clay ;  especially  in  Cbilmark :  though  a  large 
proportion  of  mica  is  mixed  with  it. 
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Potter's  Clay. 

This  is  the  clay  so  extensively  efflployed  for  oorooxm  pottery, 
pipes,  tiles,  and  bricks.  And  tbrtunately  it  is  found  on  almost 
«very  square  mile  in  the  State.  We  have  two  quite  distinct  vari- 
eties. The  purest,  sometimes  called  pipe  clay,  is  found  almost  ex- 
-clusivdy  on  Martha's  Vineyard.  Thb  is  white,  and  contains  usu- 
ally so  little  iron,  that  when  burnt,  it  becomes  still  whiter,  and 
will  resist  a  high  degree  of  heat  Hence  it  is  employed  for  mak- 
ing what  are  called  fire  bricks,  which  are  used  for  lining  furnaces. 
White  pottery  is  also  made  fiom  it.  But  the  more  common  clay 
turns  red  on  burning,  b  conse^ence  of  the  oxide  of  iron  ii^  it ; 
and  this  renders  it  much  easier  to  be  melted  by  the  heat,  and  con- 
sequently diminishes  its  value.  It  is  of  immense  value,  however, 
to  the  State ;  because  good  bricks  may  be  made  from  it ;  and  be- 
cause it  exists  so  abundantly  m  almost  every  town.  The  same 
tertiary  formation  that  supplies  clay  so  plentifully,  yields  an  abun- 
dance of  sand  for  the  mortab  by  which  they  must  be  cemented. 
This  sand,  however,  is  generally  rather  fine ;  and  I  am  inclined  to 
believe,  from  all  that  I  can  learn,  that  our  mortar  b  generally  pre- 
pared from  sand  that  is  too  fine. 

Substitute  for  Fidlef*s  Earth. 

The  common-  cky  in  the  Connecticut  valley,  has  recently  been 
employed  in  Northampton  in  the  place  of  fuller's  earth,  in  cleans- 
ing cloth.  A  considerable  quantity  of  it  has  also  been  sent  down 
the  river,  for  use  in  other  places.  This  clay  is  fine  grained,  and 
when  dry,  adheres  strongly  to  the  tongue.  It  is  said  to  answer  ex- 
ceedingly well  in  the  place  of  fuller's  earth  ;  on  this  point  how- 
ever, 1  have  my  informatbn  at  second  hand.  A  clay  of  precisely 
the  same  character  has  recently  been  put  into  my  hands  uom  Lie- 
ominster,  where  it  occurs  in  altematinglayers  with  sand.  Some  of 
the  sand  of  this  tertiary  formation,  especially  in  the  gneiss  region, 
is  of  a  delicate  white  color  and  quite  pure.  In  some  cases,  when 
its  finest  particles  are  mixed  with  clay,  it  will  answer  very  well  for 
giving  a  polish  to  brass  and  other  metals.  This  variety  is  found 
abundantly  in  Shutesbury.     (No.  2.) 

Clay  used  in  the  Manufacture  of  Alum. 

The  white  clay  of  Martha's  Vineyard,'  is  employed  extensively 
in  the  manufacture  of  alum,  in  Salem  ;  by  the  process  of  Chap- 
tal,  I  suppose ;  although  the  details  are,  I  believe,  kept  secret. 
By  his  method,  sulphur  and  nitre  are  burnt  in  a  chamber  with  the 
clay,  which,  after  a  considerable  time,  is  lixiviated,  and  the  ley 
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evaporated.  There  is  indeed^  a  variety  of  claj,  wbich  contains 
sulphur^  that  will  produce  alum  without  the  addition  of  other  ma** 
terials  ;  but  1  cannot  believe  that  from  the  Vineyard  to  be  of  this 
deacriptioo.  At  any  rate,  the  alum  which  the  Salem  company 
produce,  is  of  a  good  quality,  and  is  *  made  in  large  quantities. 
They  formerly  obtained  their  clay  from  Gay  Head  ;  but  they 
now  procure  it  of  a  better  quality  from  the  west  side  of  the  islandi 
in  Cfailmark. 

Clay  as  a  Manure. 

Writers  on  agriculture,  speak  of  clay  as  next  in  value  to  marl, 
ibr  manuring  light  and  sandy  lands  ;  and  I  cannot  but  think  that 
our  farmers  have  yet  something  to  learn  on  this  subject.  Marl, 
they  cannot  procure  but  at  a  great  expense  ;  but  clay  is  usually 
at  band,  and  we  have  very  much  of  the  land  which  it  will  help. 
Yet  i  am  not  aware  that  in  any  instance  the  experiment  has  been 
thoroughly  made. 

Marl 

Marl  for  our  farmers,  scarcely  exists  in  the  State,  except  in  a 
few  places  in  Berkshire  county,  where  it  is  of  little  use,  be<- 
cause  the  soil  already  contains  so  much  calcareous  matter.  It  is 
said  to  have  been  found  in  Lancaster,  but  whether  in  large  or 
small  quantities,  is  not  stated*  Judging  from  the  nature  of  the 
sunoonding  country,  I  venture  to  predict  that  it  will  not  be  found 
there  in  abundance.  In  Duxbury  also,  it  occurs  in  considerable 
quantity.  In  Pittsfield,  is  a  bed  of  earthy  marl,  but  not  exten- 
sive. It  is  found  more  abundantly,  it  is  said,  in  Lenox ;  and  it 
exists  also  in  Williainstown. 

Peat. 

This  useful  substance  must  be  regarded  as  aliuvial  in  iu  charac- 
ter, since  the  process  of  its  formation  is  now  going  on.  It  results 
chiefly  from  mosses  and  other  plants,  more  or  less  decayed.  In 
the  eastern  part  of  the  State,  it  is  found  in  great  quantities.  West 
of  Worcester,  it  has  scarcely  been  sought  after,  on  account  of  the 
comparative  abundance  of  wood.  It  will  probably,  however,  nev- 
er be  found  so  abundantly  in  the  western  part  of  the  State,  as  in 
the  eastern.  I  have  ascertained  the  existence  of  peat  in  the  fol- 
lowing towns,  and  do  not  doubt  that  it  occurs  in  'many  others. 
There  are  two  varieties  ;  the  fibrous  and  the  compact.  In  the  for- 
mer, the  moss,  turf,  and  roots  out  of  wbich  peat  is  formed,  have 
not  lost  their  fibrous  structure:  but  in  the  latteri  they  are  convert- 
ed into  a  compact  and  nearly  homogeneous  mass. 
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The  6broas  and  compact  varieties  probably  exist  at  nearly  eye* 
ry  locality.  1  am  sure  of  their  occurrence  in  Cambridge,  Newton 
and  Lexington ;  and  in  large  quantities.  Peat  is  abundant  in 
Seekonk,  Uxbridge,  Cohasset,  Duxbury,  Hingbam,  Medfield, 
Walpole,  Wrentham,  Dover,  Framingham,  Sudbury,  Topafield, 
Ipswich,  and  Nantucket. 

It  exists  and  has  been  dug  in  greater  or  less  quantities  in  Pitts- 
field,  Hadley,  Leverett,  Shrewsbury,  Lancaster,  Soutbborougb, 
Hopkinton,  Medway,  Halifpix,  Stoughton,  Boylston,  Reading,  Mib- 
ton,  Needham,  Concord,  Billerica,  Bedford,  Waltham,  Water- 
town^  Acton,  Wilmington,  Danvers,  Chelmsford,  Hamilton,  and  in 
nearly  all  the  towns  in  Barnstable  county ;  certainly  in  Yarmouth, 
Brewster,  Orleans,  Eastham,  Wellfleet,  and  Truro.  I  have 
marked  on  the  Map,  only  the  roost  important  localities. 

The  value  of  peat  for  fuel,  is  generally  known  ;  but  I  appre* 
bend  that  it  is  not  generally  known  that  a  still  more  important  use^ 
may  be  made  of  it  in  agriculture.  Peat  swamps  in  Massachusetts 
are  commonly  surrounded  by  light  and  poor  laud.  While  the 
swamp  itself  contains  too  much  vegetable  matter,  imperfectly  de- 
composed, the  land  around  it  contains  too  little.  All  that  is  need- 
ed, therefore,  is  to  employ  the  excess  of  the  one,  to  supply  the 
deficiency  of  the  other.  Hence,  as  an  English  writer  remarks, 
'  peat  or  vegetable  matter,  should  be  carried  from  the  peat  moss 
to  the  poor  soil,  and  the  surface  mould  from  the  poor  soil  to  the 
peat  moss.'  The  peat  ought  indeed  to  be  converted  into  manure, 
by  lying  awhile  in  a  barn  yard,  or  by  mixing  lime,  or  other  sub- 
stance with  it ;  and  there  are  particular  directions  to  be  observed  as 
to  the  whole  process,  which  this  is  not  the  proper  place  to  explain^ 
But  they  can  be  learned  in  works  on  agriculture ;  and  whoever  un- 
dertakes thus  to  make  use  of  peat,  without  learning  the  results  of 
enlightened  experience  on  the  subject,  will  probably  fail  in  bis 
object.  But  since  great  benefit  has  been  derived  from  the  use  of 
peat  as  a  manure,  in  England  and  Ireland,  no  reason  can  be  as- 
signed why  it  may  not  thus  be  applied  in  this  country  with  equal 
success. 

I  cannot  but  regard  the  existence  of  so  lai^e  quantities  of  peat, 
on  Cape  Cod  and  Nantucket,  as  a  great  blessing  to  the  inhabitants. 
Yet  from  the  little  of  it,  which  I  observed  to  be  dug  there,  I  am 
apprehensive  they  do  not  realize  its  value.  Most  of  the  soil  in 
those  counties  is  precisely  of  that  kind,  which  ne€;ds  the  admix- 
ture of  much  vegetable  matter.  If  the  peat  swamps  could  be 
drained,  and  after  the  removal  of  a  portion  of  the  peat,  be  covered 
with  lighter  and  warmer  soil,  but  few  years  would  elapse  before 
they  would  become  fine  grass  plats )  while  the  sandy  and  more 
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eleFated  land,  enriched  by  the  peat,  would  produce  large  crops  of 
Indian  com,  rye,  and  other  vegetables.  That  this  is  not  mere  hy- 
pothesis, has  been  demonstrated  on  a  small  scale,  at  least  upon 
one  farm,  that  of  the  Hon.  John  Reed,  of  Yarmouth.  Since  the 
inhabitants  of  Cape  Cod  are  beginning  to  turn  their  attention 
more  and  more  to  the  cullivation  of  the  soil,  may  we  not  expect 
that  such  a  transformation  will  ere  long  be  common. 

A  few  other  mitieral  substances,  interesting  in  an.  economical 
point  of  view,  may  perhaps  be  appropriately  noticed  in  this  place. 

1.  Granular  Quartz  and  Sand  for  the  Manufacture  of  Glass. 

From  some  unknown  cause,  the  granular  quartz  in  Cheshire, 
Berkshire  county,  is  so  much  disintegated,  that  it  easily  crumbles 
into  a  beautiful  white  sand.  This  forms  a  good  material  for  glass, 
and  has  been  employed  for  this  purpose  a  number  of  years ; 
formerly  in  Cheshire  and  Warwick,  Mass.,  and  in  Utica,  N.  Y. ; 
and  at  present  in  Keene,  N.  H.  It  answers  well  for  crown  and 
cylinder  glass.  The  quantity  is  ioexhausttble.  It  is  sold  at  the 
road,  one  mile  from  the  bed,  at  6  1-4  cents  per  bushel.  The 
sand  is  employed  extensively  in  Berkshire  in  the  process  of  saw* 
ing  marble. 

I  am  inclined  to  believe  that  some  of  the  sand  associated  with 
the  tertiary  and  diluvial  formations  in  the  State,  particularly  in  the 
gneiss  region,  is  pure  enough  to  be  employed  in  the  manufacture 
of  coarse  kinds  of  glass :  such  for  instance  as  is  found  in  Pelham 
and  Leominster.  The  purest  and  coarsest  variety,  however,  that 
I  have  met  with,  forms  the  shores  of  Lock's  Pond,  in  the  north- 
west part  of  Shutesbury.  Similar  sand,  I  believe,  is  used  for 
glass  making  in  the  eastern  part  of  Connecticut.  The  Shutes- 
bury sand  has  been  recently  employed  with  success  as  a  substitute 
for  smalt,  upon  doors  exposed  to  depredations  from  penknives 
and  pencils. 

When  examining  the  milk  white  quartz,  that  exists  in  mountain 
masses  in  the  east  part  of  Cumberland,  R.  I.  the  enquiry  forced 
itself  upon  my  attention,  whether  it  might  not  be  employed  in  the 
manufacture  of  glass  ?  Those  particulariy  acquainted  with  that 
manafacture,  can,  however,  judge  better  of  this  matter  than  my- 
self. 

2.  Buhrstone, 

In  the  same  hill  that  furnishes  the  fine  stratified  quartz  rock  for 
aichiteetural  purposes,  in  Washington,  three  miles  from  Pittsfield, 
a  porous  quartz  is  found,  which  greatly  resembles,  and  is  used  in- 
stead of  buhrstone,  for  millstones.      Whether  geologists   would 
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allow  it  to  be  real  buhrstone,  may  admit  of  doubt ;  since  it  is  un-» 
questionably  a  rock  of  primitive  formation ;  whereas  the  real  Paris 
buhrstone,  is  a  member  of  the  tertiary  formation.  But  in  an  ec6n« 
omical  point  of  ^  view,  this  question  is  of  little  importance,  since  the 
rock  seems  to  answer  nearly  all  the  purposes  of  buhrstone  so  well 
that  it  is  employed  somewhat  extensively  for  millstones.  These 
are  manufactured  near  the  ledge,  and  are  sold  for  seventy  or  eighty 
dollars  each.  1  am  told  that  they  answer  well,  especidly  for  the 
coarser  kinds  of  grain.  1  should  presume  that  the  only  difficulty 
would  lie  in  their  being  less  tough  than  the  genuine  buhrstone. 
The  quantity  at  the  ledge  is  inexhaustible. 

Sometimes  our  citizens  employ  the  finer  and  more  compact  vari- 
eties of  granite  for  millstones.  I  have  seen  even  a  coarse  eon* 
glomerate,  or  puddingstoney  used  for  this  purpose.  And  while 
upon  this  subject,  I  cannot  but  express  my  surprise  that  no  attempt 
has  been  made  to  employ  our  greenstone,  and  other  hornblende 
rocks,  for  millstones.  In  Great  Britain,  basalt  has  been,  within  a 
few  years,  used  for  this  purpose,  and  found  even  superior  to  the 
French  buhrstone ;  and  our  greenstone  is  only  a  variety  of  the  same 
rock  ;  indeed,  some  of  our  greenstone  cannot  be  distinguished,  by 
the  eye,  from  the  European  basalt.  It  is  generally  extremely 
compact  and  tough  ;  and  although  its  preparation  might  require  a 
little  more  labor  than  the  buhrstone,  yet  it  would  doubtless  last 
enough  longer  amply  to  pay  for  the  additional  labor.  In  the  vi« 
cinity  of  Boston  and  in  the  Connecticut  valley,  as  may  be  seen  on 
the  Map,  greenstone  exists  in  great  quantities.  It  also  occurs  in 
small  beds  throughout  the  whole  extent  of  ihe  gneiss  region  ;  and 
of  a  kind,  which  I  should  suppose  from  its  appearance,  would  an- 
swer the  purpose  even  better  than  that  of  the  extensive  ranges 
above  mentioned. 

Coal 

Of  this  mineral,  the  object  of  so  much  interest  in  every  civilised 
country,  there  are  found  three  distinct  species ;  all  of  which  are 
sometimes  employed  as  fuel.  The  most  common  in  Europe, 
which  is  there  considered  the  best,  is  the  bituminous  coal,  or  thai 
containing  bitumen.  This  bums  readily  with  a  yellow  or  white 
flame.  A  second*species  is  the  anthracite,  or  $tone  coal;  which, 
is  generally  described  as  burning  without  flame,  because  destitute 
of  bitumen.  The  anthracites  of  this  country,  however,  bum 
with  the  flame  that  results  from  the  combustion  of  hydrogen  ;  this 
gas  existing  in  a  state  of  combination,  either  with  the  carbon,  or 
in  the  water  which  the  anthracite  contains ;  and  it  is  liberated  by 
tiie  heat.    The  great  difficulty  in  the  use  of  anthracite,  consists 
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in  igniting  it :  a  difficulty  which  has  almost  disappeared  before  the 
ingenuity  of  our  couotrymeD.  In  Europe,  anthracite  has  been  de-» 
scribed  as  of  little  value :  with  the  exception,  perhaps,  of  Killkenuy 
coal.  But  our  anthracite  is  either  of  a  quality  superior  to  the  Eu- 
ropean, or  we  have  learned  better  methods  of  employing  it  All  the 
coal  obtained  from  the  inexhaustible  beds  of  that  mineral  along  the 
Susquehannab,  Lehigh,  and  Schuylkill  rivers,  in  Pennsylvania,  is 
anthracite ;  and  wherever  it  is  skillfully  used,  I  believe  it  is  decided- 
ly preferred  to  the  best  bituminous  coals  of  England,  or  the  United 
States.  The  coal  from  Rhode  Island,  (chiefly  from  Portsmouth  as 
the  north  end  of  the  Island)  is  also  anthracite.  The  Worcester 
coal  belongs  to  the  same  species :  indeed,  every  enlightened  man  in 
this  country  now  regards  our  anthracite  as  a  great  national  blessing. 
But  in  Great  Britian,  some  of  their  geological  writers  speak  of  the 
anthracites  found  in  Ireland  and  on  the  European  continent,  as 
'  carbonaceous  matters  that  can  never  be  profitably  worked,  so  as 
to  become  objects  of  statistical  interest.' — (Ure.)  And  Mr.  Cony- 
beare,  in  his  admirable  view  of  the  English  coal  formations,  speaks 
of  the  deposit  of  bituminous  coal,  as  ^  the  only  one  capable  of  be- 
ing applied  to  purposes  of  extensive  utility,  which  appears  to  ex- 
ist in  the  whole  geological  series.' 

A  third  sort  of  coal  is  commonly  enumerated,  called  lignite ; 
consisting  of  wood  partially  carbonized,  and  still  retaining  its  form, 
more  or  less  distinctly.  All  the  kinds  of  coal  that  have  been  men- 
tioned, are  found  in  Massachusetts  ;  the  lignite  on  Martha's  Vine- 
yard ;  the  bituminous  coal  along  Connecticut  river,  particularly  a| 
South  Hadley  :  and  the  anthracite  at  Worcester,  and  in  small  quan- 
tities, in  the  north  part  of  Middleborough,  in  Bridgewater,  and 
West  Bridgewater,  in  Wrentham,  and  near  the  line  of  the  State 
in  Cumberland,  Rhode  Island.  It  is  found  also  in  small  quanti* 
ties  at  Turner's  Falls,  at  Southampton,  and  at  Enfield  Falls,  in  the 
valley  of  the  Connecticut.  But  do  they  occur  in  sufficient  quan- 
tity and  of  such  quality,  as  to  render  them  of  any  statistical  value  ? 

The  lignite  exists  in  beds  several  feet  thick,  in  the  clay  of  the 
Vineyard  :  and  although  used  as  fuel  in  some  parts  of  Europe,  it 
bums  so  poorly  that  it  will  not  be  much  used  probably,  until  fuel 
shall  become  much  more  scarce.  « 

Genuine  bituminous  coal,  in  sufficient  quantity  to  be  worked  to 
advantage,  has  never  been  found,  except  in  connection  with  a  par- 
ticular series  of  rocks,  called  the  Coal  Formation.  Such  a  forma- 
tion has  long  been  supposed  to  exist  in  the  valley  of  the  Connec- 
ticut :  extending  across  the  whole  of  Massachusetts  and  Connecti- 
cut ;  and  the  strata  have  been  bored  in  South  Hadley,  at  least,  in 
two  instances,  and  once  by  a  gentleman  familiar  with  the  real  Eu- 
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ropean  coal  fonnations.  Several  years  ago,  I  myself  deliDeated  a 
coal  formation,  on  a  geological  map  of  the  Connecticut  valley  pub- 
lished in  the  American  Journal  of  Science.  But  further  examin- 
ation has  brought  me,  unwillingly,  to  the  conclusion,  that  no  such 
formation  exists  in  that  valley,  and  that  the  one  which  I  then  re- 
garded as  real  coal  measures,  is  in  fact  the  new  red  sandstone,  or 
its  equivalent.  In  another  part  of  this  Report,  I  shall  give  my 
reasons  for  this  conclusion.  But  I  would  remark,  that  1  do  not 
feel  so  much  confidence  in  this  opinion,  that  1  would  urge  the  en*)- 
tire  abandonment  of  all  efforts  to  find  coal ;  for  the  facts  stated  ia 
respect  to  anthracite,  will  justify  the  opinion,  that  even  if  the 
rocks  under  consideration,  are  new  red  sandstone,  bituminous  coal 
may  exist  in  it,  in  sufficient  quantities  to  be  worth  exploring  ;  al- 
though in  Europe  it  occurs  in  such  rocks  only  in  thin  seams. 
Certainly  the  coal  found  at  South  Hadley  wasof  a  superior  quality. 

If,  as  I  suppose,  the  rock  under  consideration  be  the  new  red 
sandstone,  there  is  anotlier  fact  that  ought  to  be  recollected,  vis. 
that  this  rock,  in  other  parts  of  the  world,  is  associated  with  rock 
salt,  salt  springs,  and  gypsum.  No  trace  of  rock  salt  has  becQ 
found  in  the  Connecticut  valley  ;  and  as  yet  only  a  small  quantity 
of  gypsum  has  been  discovered. 

Professor  Silliman  found  a  little  of  this  mineral  in  the  greenstone 
associated  with  the  sandstone  in  Deerfield,  and  Mr.  Davis,  Princi- 
pal of  the  academy  in  Westfield,  found  the  same  in  thin  scales, 
between  the  layers  of  the  shale,  connected  with  the  sandstone,  on 
the  banks  of  Westfield  river  in  West  Springfield.  I  found  a  little 
of  it  also  in  the  shale  at  South  Hadley  canal.  These  facts  are 
sufficient  encouragement  for  the  research  after  gypsum.  And 
when  we  recollect  that  on  account  of  the  softness  of  this  mineral, 
it  is  liable  to  be  deeply  worn  away  at  the  surface,  we  should  by 
no  means  despair  of  its  existence  in  the  valley  of  the  Connecti- 
cut. I  have  compared  a  collection  of  specimens  from  the  new 
red  sandstone,  that  contains  the  gypsum  of  Nova  Scotia,  with  the 
rocks  of  the  Connecticut  valley,  and  they  can  hardly  be  distin- 
guished from  each  other. 

As  to  anthracite  coal,  it  seems  to  occupy  a  wider  range  among 
the  rocks,  than  genuine  bituminous  coal.  Generally,  however, 
the  former  occurs  lower  down  in  the  rocks,  that  is,  in  older  rocks, 
than  the  latter.  Sometimes  it  is  found  in  what  are  called  transi- 
tion rocks ;  and  sometimes  in  the  primitive.  In  this  country  it  is 
found  in  both  these  classes  of  rocks.  We  have  in  the  United 
States,  at  least  three  extensive  deposits  of  anthracite :  the  largest 
is  in  Pennsylvania ;  the  next  largest  in  Rhode  Island ;  and  the 
smallest  in  Worcester.     I  have  examined  them  all,  and  have 
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come  to  the  conclusioD,  that  all  the  rocks  containing  this  coal,  ase 
at  least  as  low  down  in  the  series  as  the  transition  class ;  and  I  am 
rather  of  the  opinion,  that  they  all  lie  below  the  Independent  coal 
formation  of  Europe ;  I  mean  on  the  scale  of  rocks.  I  suspect 
that  the  Pennsylvania  anthracite  occurs  in  the  higher  beds  of  the 
graywacke,  perhaps  even  in  the  millstone  grit,  and  the  Rhode 
Isiuid  anthracite,  in  the  lower  beds  of  gray  wacke.  There  is  no 
geological  connection  between  the  Rhode  Island  and  Worcester  coal, 
as  Dr.  Meade  and  others  have  supposed.  By  inspecting  the  Map, 
the  two  localities  will  be  seen  to  be  separated  by  granite  and 
gneiss,  from  twenty  to  thirty  miles  across.  The  Worcester  coal 
occurs  in  an  imperfect  kind  of  mica  slate.  It  is  what  Humboldt 
calls  transition  mica  slate :  for  a  few  miles  north,  it  passes  into 
distinct  ai^Uaceous  slate.  Following  the  range  south  from 
Worcester,  it  becomes  more  decidedly  micaceous,  and  probably 
there  forms  a  bed  in  gneiss.  Indeed,  in  Dudley,  I  saw  the  same 
rock  surrounded  by  gneiss,  and  highly  impregnated  with  anthracite. 

The  bed  of  anthracite  in  Worcester,  is  about  seven  feet  thick, 
and  has  a  moderate  dip  to  the  northeast.  It  has  been  explored 
only  a  fe\¥  feet,  and  the  operations  are  now  suspended.  To  con- 
tinue theai  advantageously,  it  will  be  necessary  to  go  down  the 
hill,  and  remove  the  soil  so  as  to  find  the  lateral  outcrop  of  the 
bed,  in  order  to  avoid  an  accumulation  of  water.  This  work  has 
been  already  commenced. 

The  Rhode  Island  beds  of  this  coal  were  opened  several  years 
ago,  before  the  value  of  it  was  justly  appreciated  by  the  communi- 
ty. The  sale^  not  being  brisk,  the  works  were  abandoned,  and 
have  never  since  been  resumed ;  so  that  on  account  of  the  rub- 
bish, I  was  unable  to  ascertain  the  width  of  the  beds.  I  have  al- 
ways understood,  however,  that  there  was  abundance  of  coal. 
The  beds  are  less  favorably  situated  for  working,  than  that  at 
Worcester.* 

The  extensive,  and  rapidly  increasing  demand  for  the  Pennsyl- 
vania coal,  is  a  conclusive  testimony  to  its  first  rate  excellence. 
The  experiments  of  Mr.  Bull  of  Philadelphia,  as  well  as  those  of 
Professor  Siliiman,  recorded  in  the  eleventh  volume  of  the  Ameri- 
can Journal  of  Science,  show  that  the  best  Rhode  Island  coal  is 
not  greatly  inferior.  The  Worcester  coal  bums  with  more  diffi- 
culty ;  but  gentlemen  who  have  fairly  tried  it,  and  on  whose  testi- 
mony I  can  depend,  assure  me,  that  it  may  be  employed  success- 
fiiUy,  and  comfortably  for  fuel.  There  can  be  no  doubt,  that  its 
quality  is  inferior  to  the  coal  of  Pennsylvania,  and  also  to  that  of 

*  A  more  partictilar  account  of  the  Rhode  Island  coal  beds  and  their  exploration, 
« ill  be  given  in  the  third  part  of  this  Report. 
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Rhode  kland.*  But  it  may  be,  very  much  inferior,  and  yet  for 
many  purposes,  be  exceedingly  valuable.  The  fact  is,  anthracite 
has  to  struggle  with  prejudices  wherever  it  is  first  introduced,  aris- 
ing chiefly  irom  the  comparative  difficulty  with  which  it  is  ignited ; 
and  it  happens  in  regard  to  this  substance,  as  with  most  things 
new  and  untried,  that  the  community  generally  feel,  as  if  their 
business  was  to  find  as  many  objections  to  it  as  possible  ;  and  the 
man  who  would  bring  any  new  substance  mto  general  use,  needs  no 
small  share  of  patience,  and  perseverance.  Dr.  Meade  states,  that 
an  experiment  made  several  years  ago  at  Smithfield,  upon  the 
burning  of  limestone,  with  the  Rhode  Island  coal,  and  another  up- 
on the  bumins  of  brick,  in  the  vicinity  of  Boston,  were  thought  to 
be  complete  (ailures,  because  the  heat  was  so  intense,  that  the 
surface  of  the  lime  and  of  the  bricks  was  vitrified ;  whereas  the 
fact  ought  to  have  taught  the  experimenters,  that  a  more  careful 
regulation  of  the  heat  would  ensure  success.  Indeed,  I  predict, 
that  ere  long,  in  nearly  every  case  where  a  strong  and  steady  heat 
is  required,  anthracite  will  be  found  superior  to  all  other  kinds  of 
fuel;  and  that  the  anthracite  of  Rhode  Island,  and  even  that  of 
Worcester,  will  be  considered  by  posterity,  if  not  by  the  present 
generation,  as  a  treasure  of  great  value.  The  Pennsylvania  coal 
may  indeed,  for  a  great  many  years,  command  the  market;  but  I 
apprehend,  that  the  time  will  come,  when  the  expense  of  its 
transportation  to  the  Eastern  States,  and  the  increasing  demand 
for  it,  will  lead  to  the  re-opening  of  the  pits,  that  are  now  aban- 
doned in  New  England. 

In  coming  to  the  conclusion,  that  the  anthracite  of  Worcester 
and  even  that  of  Rhode  Island,  are  inferior  to  the  Pennsylvania 
anthracite,  geological  considerations  confirm  the  results  of  experi- 
ments. Baron  Humboldt,  who  has  probably  seen  more  of  the 
rocks  of  the  globe  than  any  man  living,  remarks,  that  <  anthracite 
is  a  more  ancient  formation  than  coal,  and  a  more  recent  forma- 
tion than  graphite,  or  carburetted  iron.  Carbon  becomes  more  Ay- 
drogenated,  in  proportion  as  it  approaches  the  secondary  rocJcs.^ 
This  last  sentence,  divested  of  its  technical  obscurity,  means,  if  I 
understand  it,  that  the  newer  the  rock  in  which  the  carbon  is 
found,  the  greater  will  be  the  quantity  of  hydrogen  combined 
with  it :  and  we  know  that  an  increase  of  hydrogen  will  render 
coal  more  combustible.     Now  if  I  am  correct  in  the  opinion,  that 

*  According  to  the  experioMiita  of  Mr.  Bull,  a  pound  of  the  heti  Pennsylvania 
anthracite  maintained  ten  degrees  of  heat  in  a  room,  13  hours*  and  40  minutes ;  a 
pound  of  the  Rhode  Island  coal  maintained  the  same  heat  in  the  same  room,  9 
nours  and  SO  minutes ;  and  a  ptjund  of  the  Worcester  coal,  kept  up  the  same  heat 
only  7  hours  and  &0  minutes.  It  is  a  curious  fact  that  the  specific  g-ravity  of  the 
Worcester  coal,  is  one  third  greater  than  that  of  the  coal  from  the  two  former  lo- 
calities. 
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the  Worcester  anthracite  is  contained  in  older  rocks  than  that  in 
Rhode  Island,  and  the  anthracite  of  Pennsylvania,  in  rocks  still 
newer  than  those  of  Rhode  Island,  we  might  expect,  that  the  new- 
er would  prove  the  best  for  fuel,  and  the  older  the  poorest,  be- 
cause containing  the  least  hydrogen.  The  quantity  of  carbon, 
however,  in  the  Worcester  coal,  is  believed  to  be  nearly  as  great, 
as  in  that  from  Rhode  Island  and  Pennsylvania ;  although  no 
analysis  has  been  made  of  the  former.  But  carbon  is  less  com- 
bustible than  hydrogen.  Yet  I  can  hardly  believe,  that  a  coal, 
which  contains  probably  not  less  than  90  per  centum  of  carbon, 
should  not  be  employed,  in  some  way  or  other,  as  valuable  fuel. 

The  formation  which  I  have  denominated  graywacke,  and  which 
contains  the  anthracite  in  Rhode  Island,  extends  northerly  in  in- 
terrupted patches,  nearly  across  the  whole  of  Massachusetts ;  as 
may  be  seen  on  the  Map.  ^be  most  southern  patch,  embraces 
nearly  the  whole  of  Bristol  and  part  of  Plymouth  county  ;  the 
second  branches  from  the  first  at  Wrentharo,  and  extends  to  Ded- 
bam  ;  the  third  includes  several  towns  in  the  vicinity  of  Boston  ; 
and  the  fourth  is  in  Rowley  and  Newbury  in  Essex  county.  I 
know  of  no  reason,  why  one  part  of  this  formation  should  contain 
anthracite  rather  than  another ;  and  hence  we  may  reasonably 
look  for  it  in  any  part  of  the  graywacke  formation,  exhibited  on 
the  Map.  The  transition  mica  slate  containing  the  Worcester 
anthracite,  occupies,  as  the  Map  will  show,  a  large  portion  of  the 
northeastern  part  of  the  State ;  and  it  would  not  be  strange  if 
other  beds  of  that  mineral  should  be  found  in  it. 

GraphitCf  Plumbago,  or  Black  Lead. 

This  substance  has  the  color  of  lead,  leaves  a  trace  like  that 
metal  upon  paper,  and  bears  the  common  name,  black  lead ;  but 
it  contains  no  lead.  It  is  composed  of  above  90  per  centum  of 
carbon,  and  the  rest  is  iron  and  earthy  matter.  Hence  it  differs 
but  little  from  some  varieties  of  anthracite.  It  seems  indeed  to 
be  the  form  iu  which  carbon  occurs  in  the  oldest  of  the  rocks. 
In  Massachusetts  it  exbts  in  gneiss,  at  the  most  important  locality, 
which  is  in  Sturbridge.  It  there  occurs  in  a  bed,  varying  in  width 
from  an  inch  to  about  two  feet,  and  traceable  along  the  surface, 
nearly  one  hundred  rods.  A  number  of  years  ago  this  bed  was 
opened ;  and  several  tons  of  the  graphite  obtained.  It  was  then 
abandoned  ;  but  within  a  few  years  the  exploration  has  been  re- 
commenced, and  already  more  than  a  hundred  tons  have  been  ob- 
tained. In  some  places  the  excavation  is  60  or  70  feet  deep. 
The  quality  of  the  graphite  is  excellent  and  would  not  suffer  by 
comparison,  with  almost  any  in  the  world.  To  what  extent  it 
may  be  obtained,  it  is  not  possible  at  present  to  determine.     The 
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fact,  that  the  bed  descends,  almost  perpendicularly,  into  the  earth, 
is' rather  unfavorable  to  the  miner.  Yet,  as  it  is  found  upon  ele- 
vated ground,  the  mine  can  be  conveniently  drained  by  lateral 
cuts  or  adits  to  a  considerable  depth  ;  and  probably  the  explora- 
tion may  be  profitably  continued  for  a  long  time  with  little  machi- 
nery. 

Graphite  is  employed  for  pencils,  crucibles,  lubricating  machi- 
nery, be.  It  occurs  at  several  other  localities  in  Massachusetts, 
besides  that  in  Sturbridge,  but  not  in  large  quantities,  except  per- 
haps in  Hinsdale.  A  good  bed  of  it  has  been  opened  in  New 
Hampshire. 

A  Substitute  for  Emery, 

No  real  emery  has  yet  been  found  in  Massachusetts :  but  a 
rock  composed  of  garnet,  anthophyllite,  or  augite,  occurs  in  North 
Brookfield,  which  is  employed  as  a  substitute  for  that  mineral,  and 
it  is  said  to  answer  well.  The  powder  of  the  garnet,  although 
much  inferior  in  hardness  to  real  emery,  is  indeed  sometimes  called 
in  commerce,  red  emery.  The  rock  in  Brookfield  is  abundant,  and 
may  prove  valuable. 

Tripoli  or  Rotten  Stone. 

At  Paine's  quarry  of  limestone  in  West  Springfield,  I  found  a 
mineral  which  subsequent  examination  has  convinced  me  is  gen- 
uine rotten  stone :  and  so  far  as  I  have  had  opportunity  of  exam- 
ining it,  it  appears  to  be  of  a  superior  quality.  It  occurs  too  in " 
large  quantities,  and  under  circumstances  similar  to  those  in  which 
it  has  been  found  in  other  parts  of  the  world.  I  mean  that  it  is 
associated  with  fetid  limestone  ^  being  in  fact  that  rock  partially 
decomposed,  and  still  emiting  a  strong  fetid  odor  when  struck. 
I  hope  that  some  mechanic,  who  has  occasion  to  use  this  article, 
will  thoroughly  test  that  from  Springfield,  as  I  know  of  no  other 
locality  of  any  importance  in  the  country.  It  does  occur,  how- 
ever, at  South  Hadley  falls,  on  the  West  Springfield  shore.  But 
the  quantity  is  small,  and  it  is  not  there  associated  with  limestone, 
but  appears  to  be  an  altered  shale.     (Nos.  217  to  221.) 

Native  Alum. 

This  valuable  substance  has  recently  been  found  in  at  least  two 
places  in  Worcester  county.  It  occurs  on  a  variety  of  the  gneiss 
rock  of  that  county  in  delicate  plumose  or  feather  form  masses 
along  with  copperas.  Both  these  substances  undoubtedly  proceed 
from  the  decomposition  of  the  rock  and  iron  pyrites  which  it  con- 
tains. Hence,  as  wo  know  that  artificial  means  will  aid  the  pro- 
duction of  copperas,  we  have  rcasou  to  suppose  that  it  will  do  the 
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same  in  respect  to  tbe  alum,  as  we  know  is  done  in  other  rocks. 
But  DO  fair  /rial  that  1  know  of  has  yet  been  made  I  have  re- 
ceived this  alum  from  two  places,  viz.  Lieominster  and  Barre.  A 
fuller  account  of  it  will  be  given  in  the  third  part  of  the  Report. 

Mineral  Waters. 

No  mineral  springs  of  much  notoriety  are  found  in  the  State,  al- 
though chalybeate  springs  are  very  common,  and  are  useful  in  cu- 
taneous and  some  other  complaints.  Nearly  all  these  springs  rise 
in  low  ground  containing  bog  ore.  The  Hopkinton  spring  is  of 
this  description,  and  is  probably  more  resorted  to  than  any  other 
in  tbe  State.  This  contains,  among  other  ingredients,  carbonic 
acid  and  carbonate  of  lime  and  iron.  The  spring  in  Brook6eld  is 
similarly  situated,  and  contains  some  magnesia  and  soda,  as  well  as 
iron.  It  is  a  place  of  some  resort.  A  mineral  spring  exists  in 
Shutesbury,  abounding  in  muriate  of  lime,  and  it  is  somewhat  vis- 
ited. Chalybleate  springs  exist  in  South  Hkdley,  Deer6eld,  and 
indeed,  in  almost  every  town  in  the  State.  Tn  Mendon  1  was 
shown  a  mineral  well,  in  the  waters  of  which,  chemical  tests  indi- 
cate muriate  of  lime  and  carbonic  acid  in  a  free  state.  No  use 
was  made  of  the  water,  except  as  a  substitute  for  yeast. 

In  Williamstown  is  a  tepid  spring  very  much  resembling  that  in 
New  Lebanon,  N.  Y.  Bubbles  of  gas  are  consUntly  escaping, 
which,  according  to  Prof.  Dewey,  are  atmospheric,  air,  and  not 
simply  nitrogen,  which  is  common  in  such  springs.  The  spring 
furnishes  a  convenient  place  for  a  bathing  establishment;  and 
though  the  saline  ingredients  are  in  small  quantity,  the  water  is  use- 
ful in  several  cutaneous  disorders.  In  Adams,  Piltsfield,  and  in 
Great  Barrington,  are  springs  useful  for  the  same  complaints.  In 
Hinsdale  is  a  spring  from  which  issues  sulphuretted  hydrogen ; 
and  from  the  decomposition  of  this  gas,  a  deposit  of  sulphur  is 
made  upon  the  earth  around. 

Other  non-metallic  Minerals  ;  either  useful  or  ornamental. 

It  may  be  well  in  this  place,  perhaps,  to  notice  briefly  a  few 
other  mineral  substances  in  the  State,  such  as  are  employed  in 
Europe  for  useful  or  ornamental  purposes.  In  this  country  the 
demand  for  them  is  yet  comparatively  small,  and  we  have  few  ar- 
tists devoted  to  their  preparation ;  so  that  no  demand  exists  for 
these  minerals,  as  is  the  case  also  with  our  porphyries. 

In  Hatfield,  is  an  immense  quantity  of  the  sulphate  of  baryta  of 
a  superior  quality.  Within  a  few  years,  a  patent  has  been  taken 
out  in  England,  for  the  use  of  this  substance  as  a  paint,  to  be  em- 
ployed in  those  situations  where  lead  paint  is  liable  to  be  acted 
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upon  by  moisture,  acids  and  other  chemical  agents.  In  such  cases 
this  barytic  paint  is  excellent.  I  have  been  in  the  habit,  for.  sev* 
eral  years,  of  having  various  articles  in  the  laboratory,  such  as  the 
pneumatic  cistern,  gazometer,  be,  covered  with  it ;  and  it  answers 
a  good  purpose,  although  1  have  prepared  it,  not  according  to  the 
patent,  but  simply  by  grinding  it  in  a  plaster  mill  and  mixing  it 
with  oil.  The  greatest  defect  in  this  paint,  seems  to  be,  that  it  has 
less  body  than  lead,  although  I  doubt  not  that  a  remedy  may  be 
found  for  this  difficulty.  When  the  baryta  is  thoroughly  pulver- 
ized, and  mixed  with  boiled  linseed  oil  and  lampblack,  it  is  supe- 
rior to  any  thing  I  have  ever  seen,  for  labelling  glass  bottles,  &c., 
in  a  laboratory,  and  indeed  for  any  situation  exposed  to  active 
chemical  agents. 

The  new  alkali,  lithia,  is  found  chiefly  in  two  minerals,  called 
petalite  and  spodumene,  which,  in  Europe,  are  very  rare.  But  in 
Massachusetts  they  occur  in  large  quantities ;  particularly  the 
latter.  The  former  is  found  in  Bolton,  and  the  latter  in  Goshen ^ 
Chesterfield,  Norwich  and  Sterling.  The  lithia  can  now  be  ob- 
tained, by  a  chemical  process,  from  the  minerals  of  these  localities, 
in  any  quantity ;  and  should  it  prove  to  be  a  useful  substance,  as 
every  alkali  is  likely  to  be,  these  minerals  may  become  an  object  of 
importance. 

Among  the  minerals  in  the  State,  that  may  be  employed  by  the 
lapidaries,  for  ornamental  purposes,  may  be  mentioned  chalcedo- 
ny. Almost  all  its  varieties  occur  in  the  greenstone  ranges,  in  the 
valley  of  the  Connecticut,  and  some  of  the  agates  which  it  forms 
are  quite  large,  and  need  only  polishing  to  be  elegant.  It  occurs 
also  in  various  other  parts  of  the  State,  and  in  masses  of  considera- 
ble size,  and  it  may  be  worthy  the  attention  of  the  lapidary. 

Agates,  both  banded  and  brecciated,  are  found  in  the  State,  made 
up  of  quartz,  homstone,  chalcedony,  be.  of  various  colors.  The 
largest  and  most  perfect  specimen  of  quartzose  agate  breccia,  which 
I  have  found,  was  shown  me  at  Rochester  centre ;  and  I  was  told 
it  was  broken  from  a  much  larger  mass,  in  the  same  town.  (No. 
1103.) 

In  Saugus  near  the  centre,  is  a  fine  locality  of  red  jasper.  It  is 
not  unfrequently  striped,  and  if  needed  for  ornaments,  would  admit 
a  fine  polish  ;  as  Nos.  388,  389,  and  390,  show.  The  bed  or 
vein  has  not  been  explored  at  all,  except  that  a  few  fragments  have 
been  broken  off  by  the  passing  mineralogist. 

We  have  beryls,  somewhat  numerous,  and  sometimes  very  large ; 
but  probably  they  are  not  delicate  enough,  and  are  too  much  divi- 
ded by  seams,  to  be  employed  for  elegant  ornaments. 

A  garnet  or  cinnamon  stone  v^as  found  by  Professor  Webster  in 
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Carlisle,  which,  in  its  natural  state,  is  a  spl^id  gem.  Good  spec- 
imens, however,  cannot  now  be  obtained,  without  farther  explora* 
tion  of  the  soil,  or  the  rock. 

The  quartz  crystals,  that  occur  at  several  localities,  are  very 
perfect,  and  might  be  used  for  watch  seals,  ring  stones,  spectacles, 
&c.;  those,  for  instance,  found  at  Pelham,  Southampton  and 
Williamsburg.  The  smoky  quartz  occurs  at  a  few^  localities,  and 
is  fine  for  ornaments.  At  Southampton,  Pelham  and  Middlefield, 
is  found  the  yellow  quartz,  which  in  some  instances,  can  scarcely 
be  distinguished  from  genuine  topaz.  The  rose  red  quartz  occurs 
at  several  places,  as  at  Chelmsford,  Chesterfield,  Chester,  Wil- 
liamsburg and  Blanford ;  and  sometimes,  I  am  inclined  to  believe, 
of  a  good  quality  to  be  wrought  into  ornamental  articles  ;  particu- 
larly, at  one  or  two  localities  recently  discovered.  The  amethyst, 
which  occurs  in  greenstone,  near  Connecticut  river,  is  of  a  delicate 
color,  and,  if  it  can  be  obtained  in  sufficient  quantity,  may  be  em- 
ployed in  the  ornamental  arts. 

Some  of  the  adularia  that  is  common  in  the  gneiss  of  Brimfield, 
Southbridge,  &c.,  I  presume,  would  answer  well  for  watch  seals, 
ring?  and  trinkets ;  particularly,  a  greenish  variety,  occuring  near 
the  centre  of  the  latter  place.  I  have  seen  an  elegant  watch  seal, 
cut  from  the  adularia  of  this  locality.  A  polished  specimen  will 
be  found  in  the  collection.  (No.  1086.) 

It  ought  not  to  be  forgotten,  that  amber  has  been  found  in  Mar- 
tha's Vineyard,  at  Gay  Head,  and  on  Nantucket.  At  the  latter 
place  one  or  two  masses  were  found,  weighing  a  pound  or  more. 
The  tertiary  formation  of  these  islands  is  precisely  the  place  where 
we  might  expect  to  find  this  mineral,  especially  in  connection  with 
the  lignite. 

METALS  AND  THEIR  ORES. 

It  remains  only,  in  giving  the  economical  geology  of  Massachu<* 
setts,  to  describe  the  metals  and  metallic  ores  which  have  been 
found  in  the  State,  and  are  applicable  to  useful  purposes.  I  sh&U 
begin  with  the  metal  most  abundant  and  most  useful :  viz. 

Iron. 

The  bog  iron  ore  is  most  common,  but  I  shall  give  an  account  of 
the  different  species  in  regular  order. 

3fine  of  Arsenical  Iron  and  Carbonate  of  Iron,  in  Worcester, 

In  the  town  of  Worcester,  in  mica  slate,  is  a  bed  of  these  ores, 
which  was  explored  to  some  depth,  a  number  of  yeais  ago,  in 
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search  of  the  precious  nietals.  A  little  galena  or  lead  ore  is  found 
also,  in  the  same  mine.  As  the  excavations  are  now  nearly  filled 
up,  it  .is  impossible  to  judge  of  the  exteut  of  this  bed. 

Arsenical  iron  is  seldom  explored  for  the  purpose  of  getting 
malleable  iron  from  it ;  ahhough  it  is  sometimes  employed  for  the 
arsenic  it  contains,  and  for  the  preparation  of  sulphuret  of  arsenic. 
The  carbonate  of  iron  is  an  excellent  ore  ;  and  has  received  the 
name  of  steel  ore,  because  it  may  be  readily  converted  into  steel. 

JMEne  of  Carbonate  of  Iron  and  Zinc^  in  Sterling, 

This  is  a  bed,  in  n^ica  slate,  just  like  that  at  Worcester ;  and 
was  extensively  explored  forty  or  fifty  years  ago,  for  the  same 
purpose  which  led  to  the  opening  of  that  bed,  viz.  the  discovery 
of  gold  and  silver.  The  carbonate  is  the  most  abundant  ore,  and 
lies  scattered  about  the  excavation,  in  considerable  quantities  ;  al- 
though the  sulphuret  is  common,  which  is^  sometimes  arsenical. 
A  reddish,  foliated  sulphuret  of  zinc  also  occurs  here,  in  consider- 
ble  quantity,  and  some  sulphuret  of  lead.  Whether  this  min6 
will  be  found  worth  exploring,  it  is  difficult  in  its  present  state,  to 
determine.  If  it  afford  the  carbonate  of  iron  in  large  quantities; 
it  will  certainly  repay  the  effort.  It  lies  about  a  mile  and  a  half 
southeast  of  the  centre  of  the  town. 

Chromate  of  Iron. 

.'  It  ought  to  be  recollected,  that  a  small  rounded  mass  of  this  ore, 
so  valuable  in  the  preparation  of  the  paint  called  chrome  yellow, 
was  found,  a  few  years  smce,  in  Cummington,  by  Dr.  Porter. 

Postscript. — While  the  second  edition  of  the  first  part  of  this 
Report  was  passing  through  the  press,  I  discovered  the  chromate  of 
iron  in  serpentine  in  Blanford.  The  serpentine  itself  has  been 
brought  to  light  since  the  printing  of  the  first  edition,  and  occurs  in 
the  northwest  part  of  that  town.  The  chromate  is  disseminated 
through  the  serpentine,  and  exists  in  it  also  in  considerable  masses, 
or  in  veins.  I  picked  up  specimtos  weighing  from  four  to  five 
pounds ;  but  made  no  exploration  to  ascertain  thp  quantity  in  the 
rock.  The  min^ralogical  character  of  this  mineral  will  be  reserved 
for  the  third  part  of  the  Report.  It  it  hoped  that  this  notice  will 
call  the  attention  of  practical  men  to  this  locality. 

Phosphate  of  Iron.. 

The  earthy  variety  of  this  ore  has  been  found,  in  considerable 
quantity,  at  the  mineral  spring  in  Hopkinton.  It  forms  a  bed,  one 
or  two  feet  below  the  surface,  and  has  been  employed  as  a  pigment. 
It  is  said  to  exist  also  near  Plymouth. 
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Suiphuret  of  Iron,  or  Iron  Pyrites. 

This  is  the  yellow  ore  so  frequently  mistaken  for  gold.  It  oc- 
curs more  or  less  in  almost  every  rock ;  but  is  of  no  use,  unless  it 
exists  in  large  quantities,  and  is  of  that  variety  which  easily  de« 
composes.  In  such  a  case,  it  may^  be  converted  into  the  sulphate 
of  iron ;  that  is,  into  copperas.  The  ore  is  broken  up,  and  ex* 
posed  to  the  action  of  air  and  moisture,  when  the  change  takes 
plaQjB,  and  the  lixivium  is  evaporated  to  obtain  the  copperas.  la 
Massachusetts,  one  can  hardly  avoid  meeting  with  iron  pyrites ; 
and  in  the  western  part  of  Worcester  county,  the  traveller  cannot 
but  notice,  that  nearly  all  the  rocks  are  coated  over  with  iron  rust. 
This  is  the  result  of  the  decompositbn  I  have  spoken  of.  In  Hub- 
bardston,  the  sulphate  is  so  abundant,  that  a  manufactory  of  cop- 
peras has  been  established,  and  I  believe  success  has  thus  far  at- 
tended the  enterprise.  I  should  presume  that  copperas  might 
be  manufactured  in  several  other  towns  south  of  Hubbardston ; 
as  in  North  Brookfield  and  Southbridge,  although  the  rocks  do  not 
appear  as  highly  impregnated  with  pyrites  in  any  place  as  in  Hub- 
kirdston. 

The  decomposition  of  pyrites,  in  large  quantities,  often  produces 
a  considerable  degree  of  heat ;  and  sometimes  pieces  of  rocks  are 
driven  off  with  explosion.  This  is  one  of  the  sources  of  those 
numerous  stories  which  one  hears  in  the  country,  concerning  noises 
heard,  and  lights  with  smoke,  seen  in  the  mountains.  Such  oc- 
currences excite  the  belief  of  the  existence  of  valuable  mines  in 
the  vicinity ;  but  they  evince  the  existence  of  nothing  more  than 
iron  pyrites. 

Magnetic  oxide  of  Iron. 

Thb  is  a  valuable  ore,  affording  from  50  to  90  per  cent  of  iron. 
It  exists  in  several  places  in  Massachusetts,  and  on  the  borders  of 
the  State. 

Hawley  Iron  Mine. 

The  principal  ore  here  is  the  magnetic  oxide,  which  is  very 
good,  and  the  bed  is  favorably  situated  for  exploration.  The  ore 
does  not  seem  to  be  abundant,  the  bed  being  rarely  more  than  one 
or  t^o  feet  wide.  It  has  been  wrought  to  some  extent ;  but  the 
operations  are  at  present  suspended.  It  belongs  to  Hon.  Samuel 
C  Allen.      Micaceous  oxide  of  iron  occurs  at  the  same  bed. 

The  same  bed  of  ore  makes  its  appearance  a  mile  or  two  south 
of  the  excavation  :  and  also,  as  I  have  been  told^  two  or  three 
miles  north,  in  Charlemont. 


Digitized  by  VjOOQ IC 


64  Economical  Oeoiogy. 

In  Bemardston, 

As  already  remarked  in  the  postcript  to  limestoDey  this  forms  a 
bed  several  feet  thick  in  limestone,  dipping  at  a  moderate  angle  to 
the  southeast.  When  the  ore  was  formerly  worked,  some  com- 
plaint was  made,  as  if  it  did  not  produce  the  best  of  iron.  But 
probably  tlie  trials  then  made  were  very  imperfect.  The  ore  is 
doubtless  very  abundant,  and  I  should  think  well  worthy  the  attea- 
tion  of  the  iron  manufacturer. 

In  Somerset^  Vt, 

This  bed  is  similarly  situated  to  that  in  Hawley,  and  in  the 
same  range  of  talcose  slate,  although  twenty  miles  north  of  the 
north  line  of  Massachusetts.  The  ore,  yielding  78  per  cent  of 
iron,  b  of  the  first  quality ;  and  this  spot  is  peculiarly  interesting 
on  another  account,  to  which  I  shall  refer  in  the  sequel. 

In  Winchester,  JV.  Hi 

Thiq  bed  is  only  two  or  three  miles  north  of  the  line  of  Massa- 
chusetts, and  the  ore  is  said  to  be  abundant,  though  for  some  rea- 
son the  working  of  it  has  ceased.  The  ore  very  much  resembles 
that  from  Franconia  in  New  Hampshire. 

In  Cumberlandy  R,  I  ' 

Dr.  Robinson  says  that  he  has  obtained  magnetic  oxide  of  iron, 
firom  '  most  of  the  thirteen  mine  holes '  which  he  visited  in  .that 
town.  But  the  principal  bed  of  ore  lies  about  two  miles  northeast 
of  the  meetinghouse,  and  constitutes  a  large  hill.  It  is  obtained 
with  great  facility  by  blasting.  It  contains,  however,  several  for-: 
eign  minerals,  so  that  as  it  is  now  worked,  it  yields  only  about  30 
per  cent  of  iron.  This  is  probably  far  less  than  it  contains ;  for  it 
has  a  high  specific  gravity.  The  ore  is  smelted  principally  in 
Massachusetts.  It  is  owned  by  General  Leach  of  Easton,  and 
will  furnish  an  inexhaustible  supply. 

Magnetic  oxide  of  iron  is  found  at  other  places  in  Massachu- 
setts ;  as  at  Wobum,  in  a  vein  of  greenstone,  associated  with  sul- 
phuret  of  copper :  but  at  none  of  the  localities,  in  quantity  sufficient 
to  make  it  an  object  for  the  miner. 

Micaceous  Oxide  of  Iron. 

This  ore,  which  is  found  abundantly  at  Hawley  with  the  mag- 
netic oxide,  furnishes  perhaps^  the  most  elegant  specimens  in  the 
world ;  and  I  know  not  why  it  should  not  produce  good  iron.  In- 
deed, I  believe  it  has  been  smelted  within  a  few  years;^  along  with 
the  magnetic  oxide. 
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Vtin  of  Micaceous  Oxide  in  Montague. 

Near  the  mouth  of  Miller's  river  is  a  hill  of  considerable  extent^ 
which  appears  to  be  trayersed  by  numerous  veins  of  this  ore.  The 
largest  which  comes  in  sight,  is  in  the  southeast  part  of  the  bill,  at 
the  top  of  a  ledge  of  mica  slate  and  granite,  and  is  several  feet  in 
width.  It  is  favorablj  situated  for  explorat^ion,  and  unless  the  ore 
is  injured  by  an  occasional  mixture  of  sulphuret  of  iron,  I  do  not 
see  why  it  might  not  be  profitably  wrought.  Wood  is  very  abun- 
dant in  the  vicinity,  and  it  is  not  far  from  Connecticut  river.  Good 
micaceous  oxide  of  iron^  yields  about  70  per  cent  of  excellent 
iron.  • 

According  to  Professor  Webster,  thin  veins  of  micaceous  iron 
ore  exist  in  the  porphyry  of  Maiden,  which  were  formerly  wrought 
to  some  extent.  It  occurs  also  in  gray  wacke,  at  Brighton,  and  in 
greenstone  at  Charlestown,  according  to  the  Messrs.  Danas. 

Hydrate  of  Iron. 

Several  varieties  of  ore  heretofore  regarded  as  distinct  species 
hate  lately  been  brought  together  under  this  name.  It  embraces 
the  brown  and  red  oxides,  and  the  ai^illaceous  oxides,  and  of  course 
comprehends  the  greater  part  of  the  iron  ores  in  the  State.  IshaU 
describe  the  different  varieties  under  the  names  that  have  been 
most  commonly  applied  to  th^m. 

Beds  of  Brown  Oxide  of  Iron. 

This  ore  is  of  an  excellent  quality,  and  it  occurs  in  the  loose 
soil  above  the  rocks  so  as  to  be  easily  obtained.  Hence  it  is  used 
to  a  greater  extent,  perhaps,  in  our  country,  than  any  other  variety. 
A  very  extensive  series  of  beds  of  this  ore,  accompanies  the  lime* 
stone  that  is  so  abundant  along  the  western  margm  of  Connecticut, 
Massachusetts,  and  Vermont ;  although,  as  the  beds  lie  upon  the 
clay  that  is  deposited  above  all  the  solid  rocks,  they  have  no  neces- 
sary connection  with  the  limestone. 

Beds  in  Lenox. 

-These  have  been  explored  to  some  extent  in  the  village,  and  a 
mile  or  two  farther  west.  The  ore  is  good,  I  believe,  but  at  pres- 
ent it  is  not  used. 

Beds  in  Richmond. 

These  appear  to  be  numerous  and  extensive.  They  are  wrought 
to  some  extent. 
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Bed  in  West  Stockbridge. 

This  fiiniishes  good  ore,  and  is  explored  more  extensively  than 
any  other  I  saw  in  the  county.  The  farmer  who  owns  it  receives 
thirty  seven  cents  and  a  half  per.  ton,  of  those  who  dig  it. 

Li  Salisbury  f  Q. 

The  beds  here  are  very  large,  and  have  been  extensively  ex- 
plored.    The  Salisbury  iron  is  known  far  and  wide. 

In  Bennington^  Vt. 

Here  also  the  same  ore  is  dug  to  some  extent ;  and  these  beds 
seem  to  deserve  a  notice,  because  they  lie,  like  those  in  Salisbury, 
upon  the  borders  of  Massachusetts. 

In  all  the  beds  of  brown  oxide  of  iron  mentioned  above,  we  find 
the  brown  hematite  in  all  its  forms ;  the  compact,  the  fibrous,  and  the 
ochrey  brown  oxide,  or  yello^ochre.  Manganese  also  is  found  in 
tj)em  all,  and  at  Bennington  in  large  quantities.  It  is,  for  the  most 
part,  of  a  superior  quality. 

The  red  oxide  of  iron  is  found,  in  comparatively  small  quanti- 
ties, at  the  localities  above  >  mentioned.  It  exists,  also,  in  other 
places  in  the  State,  and  especially  at  Conway,  with  manganese ; 
although  it  is  not  as  yet,  found  in  large  quantities.  A^iUaceous 
oxide  of  iron  b  likewise  found  at  most  of  the  hsmatite  beds  above 
described. 

In  Cranston^  It.  L 

From  this  place  General  Leach  procures,  as  he  told  me,  very 
'excellent  brown  oxide  of  iron,  for  the  supply  of  some  of  his  fiir- 
nices  in  Massachusetts,  and  he  represents  the  bed  as  inexhaust- 
ible. 

ArgiUaceoiLs  Oxide  of  Iron. 

This  is  the  most  common  species  of  iron  ore  in  Massachusetts. 
There  are  several  varieties  found  here.  On  Nantucket  and  Mar-' 
tha's  Vineyard,  particularly  at  Gay  Head,  we  find  the  nodular, 
columnar,  mamillary,  pisiform,  and  ochrey  varieties.  On  the 
Vineyard  these  varieties  are  abundant  enough  to  be  an  object  for 
the  manufacturer ;  and  during  the  last  war,  I  was  told,  they  were 
employed  in  the  furnaces  on  the  continent.  In  a  pond,  in  Sha- 
ron, has  been  found  the  lenticular  variey  of  this  ore. 

Bog  Ore. 
This  variety  of  the  argillaceous  oxide,  is  far  more  abundant 
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than  any  other,  and  has  been  used  extensively  in  the  manufacture 
of  cast  iron ;  for  which  it  is  chiefly  adapted.  In  the  following 
towns  it  is  found  in  large  quantities  :  viz.  Groton,  North,  West,  and 
South  Brookfield,  Carver,  Hopkinton,  Hardwick,  New  Braintree, 
Oakham,  Berlin,  Sturbridge,  Southbridge,  Freetown,  Dartmoutbi 
Rochester,  Troy,  Easton,  and  Sharon  ;  and  in  the  following,  it  exists 
greater  or  less  quantities ;  in  Middleborough,  Maiden,  Seekonk, 
Sheffield,  Templeton,  Warwick,  Williamstown,  Greenfield,  North- 
ampton, Springfield,  Williamsburg,  Dalton,  Holland,  Wales,  Nor* 
ton,  Mansfield,  Bridgewater,  Stoughton,  Spencer,  Gloucester,  and 
on  Martha's  Vineyard  :  indeed,  I  can  hardly  doubt  that  more  or 
less  of  this  ore  may  be  found  in  nearly  every  town  in  the  State. 
1  found  it  so  common  that  at  length  I  ceased  to  enquire  for  it,  and 
the  localities  are  so  numerous  that  I  have  not  attempted  to  exhibit 
them  all  upon  the  Map. 

It  ought  to  be  recollected,  that  the  process  by  which  bog  ore  is 
depouted^  is  in  many  places  now  going  on,  particularly  at  the  hot** 
torn  of  ponds.  The  interval  between  one  dredging  and  another, 
was  so  variously  stated  to  me,  that  I  suspect  it  differs  greatly  in 
different  places.  I  presume,  however,  that  it  ought  never  to  be 
less  than  twenty  years.  But  the  fact,  that  there  will  be  a  renewal 
of  the  deposit  after  a  certain  time  is  bteresting :  because  it  shows 
that  this  mineral  can  never  be  entirely  exhausted. 

Gen.  Shepard  Leach,*  of  Easton,  is  the  most  extensively  en- 
gaged in  the  iron  manufactory  of  any  man  in  the  Commonwealth. 
He  owns  one  blast  and  three  air  furnaces  in  Easton  ;  one  blast  fur- 
nace in  Foxborough,  and  another  in  Walpole  :  and  two  blast  fur- 
naces and  four  air  furnaces,  in  Chelmsford.  In  these  he  employs 
not  far  from  five  hundred  men.  He  generally  mixes  the  different 
sorts  of  ore,  or  at  leasts  two  or  three  of  them  together  for  smelt- 
ing. Extensive  iron  works  are  also  carried  on  in  Wareham. 
Several  furnaces  exist  in  Berkshire,  and  a  few  in  Worcester 
county. 

The  preceding  view  of  our  deposits  of  iron,  demonstrates  that 
we  abound  in  this  usefol  metal,  and  that  the  demand  for  centuries 
to  come,  cannot  exhaust  it. 

OchreSf  SfC,  used  09  paints. 

There  are  two  kinds  of  ochre,  the  red  and  the  yellow,  which 
are  merely  pulverulent  varieties  of  the  red  and  brown  oxides  of 
iron.  The  yellow  ochre  is  abundant  with  our  haematite  and  argil- 
laceous ores,  and  is  firequently  employed  as  a  pigment.     Accord- 
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ing  to  Mr.  C.  T.  Jackson,  red  ocbre  occurs  in  Boylston  in  a  bed 
four  or  five  inches  thick,  mixed  with  clay.  It  has  already  been 
mentioned,  that  the  earthy  phosphate  of  iron  in  Hopkinton,  is 
employed  as  a  blue  pain(.  Prof.  Dewey  mentions  that  a  yellow 
earth  is  found  in  Williamstown,  from  which  great  quantities  of  yel- 
low ochre  are  obtained  by  washing.  Dr.  J.  Porter  states,  that 
yellow  earth  occurs  in  Monroe,  which,  when  purified,  afibrds  a 
'  pale  red  paint.'  The  process  of  preparing  it  he  says  is  now  sus- 
pended for  want  of  a  demand. 

Lead. 

Several  ores  of  this  metal  are  enumerated  by  mineralogists, 
as  occurring  in  Massachusetts  ;  but  none  is  found  in  sufiicient 
quantity  to  render  it  of  any  statistical  interest,  except  the  sulphu- 
ret,  commonly  called  galena ;  and  all  the  important  veins  of  this 
species  are  confined  to  the  vicinity  of  Connecticut  river.  Mo 
fewer  than  thirteen  of  these  occur  in  that  region  of  sufficient  im- 
portance to  deserve  notice.  All  these  are  in  mica  slate  or  granite  ; 
or  they  pass  from  the  one  rock  into  the  other. 

In  Southampton. 

The  vein  in  the  northern  part  of  this  town  has  attracted  more 
attention  than  any  other  in  the  region,  and  has  been  several  times 
described.  It  is  six  or  eight  feet  wide  where  it  has  been  explored, 
and  traverses  granite  and  mica  slate,  the  matrix  or  gangue  contain- 
ing the  ore,  being  a  mixture  of  quartz  and  sulphate  of  baryta.  It 
has  been  opened  forty  or  fifty  feet  deep,  in  several  places,  and 
masses  of  ore  were  dug  out  from  half  an  inch  to  a  foot  in  diameter. 
As  the  vein  descends  almost  perpendicularly  into  the  rock,  water 
soon  accumulated  in  such  quantities,  as  induced  the  proprietors  to 
attempt  reaching  the  vein  by  a  horizontal  drift  or  adit,  from 
the  bottom  of  the  hill  on  the  east  side.  This  was  no  small  un- 
dertaking, as  the  opening  must  be  carried  neariy  a  quarter  of  a 
mile  into  the  solid  rock.  It  was  persevered  in,  however,  at  a 
great  expense,  for  a  distance  of  nearly  nine  hundred  feet,  when 
one  of  the  principal  miners  having  died,  and  the  price  of  lead 
having  fallen  two  or  three  hundred  per  cent,  all  operations  were 
suspended,  and  I  believe  the  proprietors  wish  to  dispose  of  the 
mine.  Had  they  continued  this  drift  a  few  feet  farther,  there  is 
every  probability  that  the  principal  vein  would  have  been  struck, 
from  one  hundred  and  fifty  to  two  hundred  feet  below  the  suriace. 
Perhaps,  however,  the  work  cannot  be  successfully  and  profitably 
resumed,  until  the  market  shall  cease  to  be  glutted  with  lead  from 
Missouri ;  but  there  can  be  little  doubt,  that  immense  quantities 
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of  ore  may  be  obtained  at  this  spot,  it  may  then  probably  be  ex- 
plored with  advantage.  I  do  not  doubt,  however,  that  those  who 
first  examined  this  mine  were  mistaken  in  the  opinion  that  this 
vein  extends  from  Montgomery  to  Hatfield,  a  distance  of  twenty 
miles.  Lead  may  indeed  be  found  at  intervals  along  a  line  con- 
necting those  places.  But  [  have  every  reason  to  suppose,  that 
it  proceeds  from  several  distinct  and  independent  veins. 

The  principal  ore  above  described  is  the  sulphuret;  but  there 
have  been  found  here'  also,  the  carbonate,  sulphate,  molybdate, 
muriate  and  phosphate  of  lead,  along  with  the  sulphuret  of  zinc, 
pyritous  copper,  and  fluor  spar.  Mineralogists  will  greatly  regret, 
that-  mining  operations  have  been  suspended  here,  because  they 
were  anticipating  the  developement  of  rich  specimens  of  these 
and  other  minerals. 

Another  vein  of  galena  exists  in  the  south  part  of  Southamp- 
ton, near  the  line  of  Montgomery.  It  appears  for  several  rods  on 
the  surface,  but  is  only  a  foot  or  two  in  breadth.  A  few  years  ago, 
efibrts  were  made  to  open  this  vein  by  a  horizontal  adit,  but  the 
proprietors  have  become  discouraged  and  abandoned  the  under- 
taking. 

In  Northampton. 

This  vein  is  only  a  short  distance  north  of  the  principal  vein  in 
Southampton,  above  described;  The  gangue  is  radiated  quartz, 
and  the  walls  are  mica  slate.  Yellow  blende  or  sulphuret  of  zinc 
abounds  here ;  and  the  vein  was  formerly  explored  to  a  considera* 
ble  depth.     It  is  several  feet  wide.  ^ 

In  Westhampton. 

This  vein  has  been  usually  described  as  existing  in  Williams* 
burg  and  extending  into  Northampton.  But  so  far  as  it  exhibits 
itself  at  the  surface,  it  lies  wholly  in  Westhampton — in  quite  the 
northeast  part  of  the  town,  only  a  few  rods  from  the  Northampton 
line^  and  but  half  a  mile  from  that  of  Williamsburg.  The  gangue 
is  quartz,  and  the  vein  js  several  feet  wide,  and  may  be  traced  30 
or  40  rods.     But  the  quantity  of  galena  is  small  at  the  surface. 

In  Williamsburg. 

A  vein  of  galena  lies  in  the  northeastern  part  of  this  towR) 
and  probably  extends  into  Whately.  It  is  two  or  three  feet  wide, 
and  the  gangue,  as  in  nearly  every  other  vein  of  lead  in  this  re- 
gion, is  quartz.     Manganese  is  found  in  the  same  gangue. 

A  second  vein  of  quartz  with  galena  occurs  in  this  town,  a  mile 
or  two   northeast  of  the  one  last  mentioned.      The  quartz,  how- 
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ever,  appears  only  id  loose  masses  on  the  surface,  but  to  such  an 
extent,  as  can  be  explained  only  on  the  supposition,  that  a  vein 
exists  in  the  rock  beneath  the  soil.  Pyrilous  copper  is  found  in 
connection  with  the  galena  at  this  place. 

In  Goshen. 

According  to  the  statements  of  Mr.  Alanson  Nash,  who  has 
given  a  map  and  description  of  the  lead  veins  and  mines  of  Harop* 
shire  county,  in  the  twelfth  volume  of  the  American  Journal  of 
Science,  the  same  indications  of  a  galena  vein  appears  a  little  west 
of  the  centre  of  Goshen,  as  those  mentioned  in  respect  to  the 
third  vein  in  Williamsburg  just  noticed,  viz.  the  occurrence  of 
masses  of  quartz  containing  galena.  The  rock  in  the  region  is 
mica  slate  and  granite. 

In  Whately. 

In  this  town  are  three  distinct  veins  containing  lead.  One  is 
about  half  a  mile  east  of  the  first  vein  described  in  Williamsburgb. 
It  extends  a  short  distance  into  Williamsburg,  and  more  than  a 
mile  into  Whately.  In  its  whole  course,  but  particularly  at  its 
southern  part,  it  contains  oxide  of  manganese  along  with   galena. 

A  second  vein,  three  or  four  feet  wide,  exists  in  a  high  ridge  of 
granite  towards  the  southwest  part  of  the  town.  It  may  be  traced 
along  this  ridge  about  three  quarters  of  a  mile. 

The  third  vein  is  in  the  northwest  part  of  the  town,  extending 
some  distance  into  Conway.  Galena,  in  quartz,  is  the  only  ore 
that  appears  on  the  surface.  The  width  of  the  vein  is  six  or 
seven  feet,  and  it  traverses  both  granite  and  mica  slate.  It  runs 
along  the  western  margin  of  a  high  hill,  so  that  if  it  should  ever 
be  exploredi  a  lateral  drift  could  be  easily  made. 

In  Hatfield. 

About  two  miles  west  of  the  village  in  this  town,  we  find  a  vein 
of  sulphate  of  baryta,  from  one  to  four  feet  wide  at  the  surface, 
runnidg  in  a  northwesterly  direction  and  icontaining  galena.  A 
shaft  has  been  sunk  in  two  places,  from  fifteen  to  twenty  feet, 
deep ;  and  the  vein  was  found  rapidly  to  widen  in  descending. 
The  immense  quantity  of  baryta  found  here,  gives  the  locality  a 
peculiar  bterest  to  the  mineralogist. 

^  In  Leverett. 

Although  this  town  lies  on  the  eastern  side  of  Connecticut  river, 
yet  the  granite  and  mica  slate,  occurring  there,,  exactly  resemble 
the  same  rocks  found  on  the  west  side  of  the  river ;  and  there  can 
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be  DO  doubt  tbat  both  belong  to  the  same  general  formation.  Two 
yeinSy  the  ore  being  chiefly  galena,  are  found  of  precisely  thia 
same  character  as  those  on  the  opposite  side  of  the  river.  That 
in  the  southeast  part  of  the  town  is  io  granite,  not  more  than  a  foot 
or  two  wi4(e  at  the  surface,  and  the  gangue  is  sulphate  of  baryta* 
The  other  is  a  mile  and  a  half  to  the  north  of  the  first ;  the  gangue 
is  quartz,  and  there  is  klmost  an  equal  quantity  of  galena  and 
pyritous  copper  ;  blende  also  occurs  in  small  quantities.  This 
vein  is  several  feet  wide,  and  runs  through  granite  and  mica  slate. 
Both  th'is  and  the  one  first  mentione  J,  have  been  explored  to  the 
depth  of  a  few  feet. 

It  18  impossible  to  form  any  confident  opinion  as  to  the  probable 
quantity  of  lead,  which  is  contained  in  the  several  veins  which 
have  been  described,  except,  perhaps,  in  regard  to  that  in  South- 
ampton, which  has  been  explored  to  a  considerable  extent.  In 
many  instances  appearances  at  the  surface  are  quite  favorable ; 
but  whether  the  veins  become  wider,  like  that  in  Hatfield,  or  nar- 
rower as  they  descend,  can  be  determined  only  by  actual  explora- 
tion. Of  one  thing,  however,  I,  think  we  may  be  assured,  from 
the  facts  that  have  been  stated;  viz.  that  the  central  parts  of 
Hampshire  county  contain  extensive  deposits  of  lead,  which  may 
be  of  great  value  to  posterity,  if  not  to  the  present  generation. 
Probably  many  more  veins  will  hereafter  be  discovered,  since  little 
examination  has  been  made  with  a  view  to  bring  them  to  light. 

Copper. 

This  valuable  metal  occurs  in  numerous  places  near  the  junction 
of  the  greenstone  and  sandstone,  in  the  valley  of  the  Connecticut, 
between  New  Haven  and  Vermont.  Several  veins  of  copper  ore 
are  found  in  Connecticut ;  and  the  only  one  in  that  state,  that  has 
been  explored  to  any  considerable  extent,  lies  on  the  borders  of 
Massachusetts,  viz.  in  Granby.  It  has  long  been  known  under  the 
name  of  Simsbury  mines,  although  it  is  within  the  limits  of  Gran- 
by. Many  years  ago,  before  the  war  of  the  revolution,  I  believe, 
this  vein  was  explored  to  a  considerable  extent.  Afterwards  the 
government  of  Connecticut  made  use  of  the  abandoned  shafts  and 
galleries  for  a  State  Prison.  Since  the  removal  of  this  prison  to 
Weathersfield,  the  exploration  has  been  resumed,  by  a  new  com- 
pany, and,  as  I  am  infbnned  by  the  agent,  with  success.  The 
principal  part  of  the  ore  is  the  red  oxide,  associated,  howeveri  with 
green  carbonate. 

In  Greenfield, 

In  the  northeastern  part  of  this  town,  on  the  banks  of  Connec- 
ticut river,  are  two  veins  of  copper  ore  about  a  mile  apart ;  the 
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most  northern  one  being  about  one  hundred  rods  below  the  nsoutb 
of  a  small  stream,  called  Fall  River,  and  the  same  distance  in  a  direct 
line  from  the  cataract  in  Connecticut  river,  sometimes  called  MjU 
ler's  Falls ;  but  lately,  and  more  appropriately.  Turner's  Falls. 
These  veins  are  several  feet  in  width,  and  they  pass  into  a  hill 
of  greenstone  on  one  band,  and  under  the  river  on  the  other 
into  sandstone.  The  gangue  is  sulpliate  of  baryta  and  toadstone, 
and  the  ores  are  the  green  carbonate  and  pyritous  copper.  Actual 
exploration  alone  can  determine  whether  these  veins  might  be 
profitably  worked. 

On  the  most  southern  of  the  small  islands,  in  the  middle  of 
Turner's  Falls,  has  been  found  a  vein  of  pyritous  copper,  of  a 
rich  quality,  and  in  considerable  quantity.  Indeed,  several  varie- 
ties of  the  sandstone  rocks  in  the  vicinity,  appear  to  be  considera- 
bly impregnated  with  copper. 

Pyritous  copper  is  associated  with  iron,  in  a  vein,  in  greenstone, 
at  Wobum  ;  but  not,  probably,  in  a  sufficient  quantity,  to  be  worth 
mining.  At  several  places  in  Cumberland,  R.  I.,  where  excava- 
tions were  formerly  made,  are  found  gray  oxide  of  copper  and 
pyritous  copper  with  the  green  and  blue  carbonates. 

Zinc. 

'  The  sulphuret  of  this  mineral  occurs,  as  has  already  been  no- 
ticed, in  several  of  the  lead  veins  of  Hampshire  county,  and  in 
some  of  them  in  sufficient  quantity,  no*doubt,  to  be  wrought  with 
advantage,  should  these  veins  be  ever  opened.  Those  in  South 
ampton,  Hatfield,  and  Leverett,  abound  most  in  this  ore.  It  is 
useful  in  the  manufacture  of  brass  and  white  vitriol. 

Manganese. 

In  a  metallic  state  this  mineral  is  of  no  use ;  and  indeed,  it  is 
reduced  to  that  state  with  great  difficulty.  But  in  the  state  of 
oxide,  it  is  extensively  employed,  both  to  remove  color  from 
glass  and  to  impart  colors  ;  also  in  painting  porcelain  and  glazing 
pottery,  and  still  more  extensively  within  a  few  years,  in  the  man- 
ufacture of  the  chloride  of  lime,  now  so  generally  used  in  bleach- 
ing and  for  disinfection. 

At  least  three  ores  of  manganese  abound  in  the  western  part  of 
Massachusetts  and  on  the  borders^  of  New  Hampshire.  It  has 
been  already  remarked,  that  more  or  less  of  the  gray  oxide  exists 
in  the  iron  beds  of  Berkshire,  and  Bennington,  Vt.  In  the  vicin- 
ity of  Connecticut  river,  however,  or  rather  on  the  eastern  slope 
of  Hoosic  mountain,  distinct  veins  and  beds  of  manganese  are 
found. 
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JB»  Plainjield. 

Beds  of  the  oxide  of  manganese  occur  in  two  places  in  this 
town,  one  a  mile  west  of  the  centre,  and  the  other  near  the  south- 
west corner  of  the  town ;  and  both  in  talcose  slate.  Two  ores 
are  associated  at  both  these  places,  viz.  the  common  gray  or  black 
oxide  and  the.silicious  oxide;  the  former  investing  the  latter  as  a 
black  crust,  and  most  probably  proceeding  from  its  decomposition ; 
while  the  latter,  when  newly  broken,  is  of  a  delicate  rose  red.  I 
suspect  the  silicious  oxide  predominates  at  these  places ;  and  from 
these  beds,  probably  came  by  diluvial  action,  those  numerous 
rounded  masses  of  silicious  oxide  in  the  vicinity  of  Cummingtoa 
meetinghouse ;  although  a  deep  valley  intervenes,  and  the  distance 
is  three  or  four  miles. 

Ad  attempt  was  made,  some  years  ago,  to  explore  one  of  these 
beds,  under  the  impression  that  the  ore  was  iron.  But  how  ex- 
tensive either  of  them  is,  it  is  difficult  to  determine,  as  each  seems 
to  consist  of  a  number  of  small  beds,  or  rather  the  ore  is  inter- 
laminated  with  the  slate.  The  occurrence  of  so  much  silicious 
oxide  at  these  localities,  is  very  interesting  to  the  mineralogist, 
because  this  ore  is  so  rare  in  Europe. 

Bi  Conway, 

A  distinct  vein  of  the  black  oxide  of  manganese  several  feet 
wide  occurs  in  the  southeast  part  of  this  town,  the  gangue  being 
quartz.  It  has  not  been  explored  at  all ;  nor  is  the  manganese 
ore  very  abundant  at  the  surface.  I  do  not  doubt,  however,  that 
this  ore  may  b^  found  here  in  large  quantities. 

In  Hinsdak,  N.  H. 

An  extensive  bed  or  vein  of  the  black  oxide,  and  ferro-silicate 
of  manganese  has  been  found  in  this  town.  It  appears  near  the 
top  of  a  hill  and  the  adjacent  rocks  are  not  visible. 

In  Winchester^  N.  H. 

'Between  one  and  two  miles  east  of  the  centre  village  in  this 
town,  may  be  seen  large  quantities  of  the  black  oxide  and  ferro- 
silicate  of  this  metal  of  the  same  character  as  in  Hinsdale.  *  These 
localities  have,  as  yet,  attracted  no  attention  except  from  a  few 
mineralogists.  My  information  and  specimens  were  furnished  me 
by  Mr.  John  L.  Alexander  of  Winchester. 

Tin. 

I  am  able  to  say  with  perfect  confidence  that  this  interesting 
metal  exists  in  Massachusetts :  but  can  add  little  more.     I  found 
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only  a  single  crystal  of  its  oxide,  weighing  50  grains.  But  this  I 
dug  myself  from  a  block  of  granite  in  the  northwest  part  of  Goshen, 
and  on  reducing  it  to  metallic  tin,  it  corresponds  exactly  in  every 
respect  with  that  metal  from  England.  I  have  never  been  able 
to  find  any  more  specimens,  but  it  ought  to  be  borne  in  mind  that 
in  England,  according  to  a  geological  writer  of  that  country,  <  it  is 
generally  in  the  vicinity  of  a  vein  of  tin  ore,  that  disseminated 
grains  of  tinstone  are  found  in  the  rock.' 

Mobs,  in  bis  Mineralogy,  mentions  that  some  small  crystals  of 
tin  were  found  in  specimens  sent  to  Europe  from  Chesterfield, 
Mass. 

Silver, 

The  onfy  place  in  the  State  where  this  metal  has  been  discor- 
ered,  is  at  the  Southampton  lead  mine ;  it  there  exists  in  a  small 
proportion — only  12  1-2  ounces  to  the  ton, — in  the  galena.  Tbb 
is  a  little  greater  than  the  average  proportion  in  the  English  lead 
ores  ;  but  it  is  hardly  worth  the  labor  of  separating  it.  It  is  not 
improbable  that  when  several  other  ores  in  the  State,  such  as  arsen- 
ical iron,  sulphuret  of  iron  and  of  zinc,  shall  be  accurately  ana- 
lyzed, they  will  be  found,  as  in  other  countries,  to  contain  a  larger 
proportion  of  silver.  I  would,  however,  rather  discourage  than 
encourage,  farther  researches  for  this  metal ;  for  as  I  shall  soon 
have  occasion  to  state  more  fully,  greater  expense  has  been  incurred 
and  more  weakness  and  folly  exhibited  in  such  researches,  than 
the  community  is  generally  aware  o£ 

Gold. 

It  may  perhaps  excite  a  smile,  to  see  gold  occupying  a  place  in 
a  description  of  the  minerals  of  Massachusetts.  It  has  not  indeed 
been  found  in  this  State ;  but  I  am  able  in  this  place^  to  announce 
the  existence  of  a  deposit  of  this  metaly  in  the  southern  part  of 
Vermont;  and  I  feel  no  small  degree  of  confidence,  that  it  will  be 
found  in  Massachusetts.  A  statement  of  the  grounds  of  this  belief, 
may  save  me  from  the  charge  of  extravagant  expectations. 

I  have  already  described  an  iron  mine,  as  occurring  in  Somerset, 
Vermont.  It  is  owned  by  S.  V.  S.  Wilder,  Esq.  of  Brooklyn, 
New  York,  who  has  erected  a  bloomery  forge  near  the  spot. 
Sometime  ago,  one  of  the  workmen  engaged  in  these  iron  works, 
saw  in  the  American  Journal  of  Science)  a  suggestion  of  Professor 
Eaton  of  Troy,  that  since  the  gold  of  the  Southern  states,  and  of 
Mexico,  is  in  talcose  slate,  we  might  expect  to  find  it  in  the  same 
rock  in  New  England :  especially  abbut  the  head  branches  of 
Deerfield  river.     He  commenced  an  examination  in  a  brook   near 
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the  mine,  and  was  soon  rewarded  by  the  discovery  of*  a  spherical 
mass  of  gold,  of  the  value  of  more  than  a  dollar ;  afterwards  he 
found  other  small  pieces.  At  the  request  of  Mr.  Wilder,  I  visited 
this  spot  a  few  weeks  ago,  and  found  that  an  individual  conversant 
with  the  gold  mines  in  the  Southern  states,  and  acquainted  with 
the  process  of  washing  the  metal  from  the  soil,  had  just  been  ex- 
aming  the  region  now  spoken  of.  The  result  was  a  conviction, 
that  over  several  hundred  acres  at  least,  gold  was  common  in  the 
soil.  In  a  bushel  of  dirt  collected  in  various  places,  he  found  about 
three  penny  weights  of  very  pure  gold.  Mr.  Wilder  proceeded 
himself  to  exhibit  to  me  an  occular  demonstration  of  the  existence 
of  gold  in  the  soil,  by  washing  for  it.  From  about  six  quarts  of 
dirt,  taken  a  foot  below  the  surface,  we  obtained  (although  not  very 
skilful  in  the  manipulations  of  this  sort)  twenty  or  thirty  small 
pieces,  weighing  about  seven  grains.  Indeed,  by  the  aid  of  my 
knife,  1  picked  two  or  three  pieces  from  the  dirt. 

The  iron  ore  is  in  beds  in  distinct  talcose  slate ;  and  a  considera- 
ble part  of  the  ore  is  the  hydrous,  and  contained  in  a  porous  quartz. 
In  this  quartz,  were  found  several  spherical  pieces  of  gold,  scarce- 
ly larger  than  a  pigeon  shot.  It  exists,  also  as  in  the  Southern 
states,  in  finer  particles,  in  the  yellowish  iron  ore.  And  specimens 
of  the  quartz  and  iron  at  this  place,  cannot  be  distinguished  from 
what  is  called  gold  ore,  at  the  gold  mines  in  Vii^inia,  and  North 
Carolina.  Indeed,  a  suite  of  specimens  from  the  Somerset  iron 
mine,  could  not  be  distinguished,  except  by  labels,  from  a  similar 
suite  from  the.  south. 

In  every  case  in  which  gold  has  been  found  at  this  place,  in  the 
soil,  it  was  accompanied  by  more  or  less  of  iron  sand,  and  some 
distance  north  of  the  mine,  neither  could  be  found ;  but  how  far 
to  the  South  and  East  it  occurs,  has  not  been  ascertained.  I  am 
inclmed  however  to  believe,  that  the  gold  at  this  locality,  will  be 
found  to  be  always  associated  with  the  iron. 

We  were  told  at  Somerset,  that  several  years  ago,  a  mass  of  goI4 
was  found  in  the  bed  of  Deerfield  river,  three  or  four  miles  to  the 
south  of  the  mine,  which  was  sold  for  sixty  eight  dollars,  and  we 
had  no  reason  to  doubt  the  statement.  Certain  it  is,  that  a  few 
years  since  a  piece  was  discovered  by  Gen.  .Field,  weighing  eight 
and  a  half  ounces,  in  New  Fane,  a  town  twelve  or  fifteen  miles 
east  of  Somerset. 

Upon  the  whole,  it  appears  to  me  that  the  facts  above  stated 
justify  the  conclusion,  that  there  exists  a  gold  region  in  the  lower 
part  of  Vermont,  of  considerable  extent  and  richness.  ^    It  may 

*  Sosne  paragraphs  have  recently  been  going  the  rounds  of  the  newspapers,  (Jan. 
1834,)  whose  object  is  to  throw  doubt  over  this  whole  account  of  the  Vermont 
gold.      The  story  which  the  writer  gives  about  the  New  Fane  gold  having  been 
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be  found  to  tbe  very  extensive^  and  probably  is  not  confined  ex« 
clusively  to  the  talcose  slate  formation  ;  for  New  Fane,  I  believe, 
contains  but  little  of  this  rock.  The  region  west  of  Somerset  b 
.  little  known  ;  the  iron  mine  there,  lies  at  the  foot  of  the  Green 
Mountains,  and  it  is  chiefly  a  mountain  wilderness  for  sixteen  or 
seventeen  miles  west  of  this  spot. 

The  talcose  slate  formation,  containing  the  iron  and  gold  in  Som- 
erset, extends  southerly,  nearly  across  the  State  of  Massachusetts; 
passing  through  the  towns  of  Rowe,  Charlemont,  the  settlement 
called  Zoar,  Florida,  Savoy,  Hawley,  Plainfield,  Cummington, 
Worthington,  Middlefield,  be.  Indeed,  I  know  of  no  place,  where 
the  formation  is  so  perfectly  developed  in  its  characters,  as  in  Haw- 
ley and  Plainfield.  There  is  then ,  surely,  as  much  ground  for 
presuming  that  gold  will  be  found  in  Massachusetts,  as  there  was 
for  predicting  its  discovery  in  Vermont.  If  an  iron  mine  and 
porous  quartz,  with  hydrous  iron,  be  necessary,  we  have  these  in 
Hawley,  in  the  talcose  slate.  And  it  ought  to  be  recollected,  that 
the  Vermont  gold  was  found  at  the  source  of  Deerfield  river,  and 
that  this  stream  runs  directly  south  into  Massachusetts ;  and  it 
would  be  rather  strange,  if  so  violent  a  torrent,  did  not  carry  some 
of  the  diluvium,  containing  gold,  at  least  as  far  the  limits  of  this 
State.  The  places  where  I  suppose  gold  might  be  found  in  Mas- 
sachusetts, are  in  the  vicinity  of  Hawley  iron  mine,  oc  the  Plain- 
field  beds  of  manganese,  or  along  the  banks  of  Deecfield  river,  in 
Monroe,  Florida,  Zoar,  and  Charlemont :  nor  should  the  region 
around  the  limestone  and  iron  ore,  in  Bernardston,*be  foi^otten,  in 
an  examination  for  this  metal,  although  the  rock  there  is  not  tal- 
cose slate.  Talcose  slate  occurs  also  in  many  other  places  in  the 
State ;  particularly  in  Berkshire  county,  on  the  Taconic  range  of 
mountains,  and  other  eminences ;  and  here  also  are  porous  quartz 
and  hydrous  iron.  I  have  found  time  to  make  only  a  slight  exam- 
ination for  gold,  in  one  or  two  of  the  places  above  mentioned. 
The  surest  method  of  determining  the  point,  would  be  to  obtain 
some  one,  who  is  conversant  with  the  gold  regions  at  the  south, 

buried  by  counterfeiters,  I  heard  told  some  years  ago;  but  it  is  extremely  improb- 
able I  tuid  (General  Field,  who  found  it,  states  that  it  contained  crystals  of  quartz, 
proving  it  to  be  native  gold  at  least.  As  to  the  Somerset  gx)ld,  the  writer  cannot 
bo  more  sceptical  about  its  existence  than  1  was,  when  first  I  Visited  the  spot  :  but 
when  I  was  actually  able  to  find  fragments  almost  any  where  over  a  wide  extent 
of  surface,  by  digging  where  the  soil  did  not  appear  to  have  been  disturbed  since 
the  time  of  the  last  deluge,  I  could  doubt  no  longer ;  nor  could  I  believe,  as  this 
writer  insinuates,  that  some  speculating  gold  digger  had  been  aowing  southern 
gold  there  so  extensively.  That  gold  exists  at  Somerset  cannot  it  seems  to  me  be 
reasonably  doubted  any  longer ;  but  whether  in  sufilcient  quantity  to  be  profitably 
explored,  I  do  not  know.  And  I  think  the  proprietors  of  the  soil  act  very  wisely 
in  not  proceeding  to  incur  much  expense  in  digging  and  washing  for  gold,  until 
they  are  satisfied  on  this  point. 
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and  with  the  noode  of  washing  it,  to  examine  the  places  which  I  have 
xnentiooed.  It  may  indeed  be  doubtful,  whether  the  discovery  of 
gold  would  be  a  public  benefit ;  since,  as  your  Excellency  has  well 
observed,  it  might  lead  to  '  the  greedy  pursuit  of  this  unce  rtain 
gain,  and  to  the  sure  sacrifice  of  habits  of  industry  and  economy, 
and  virtuous  self-denial,  which  the  ordinary  pursuits  and  require- 
ments of  business  induce.  We  may  doubt  even,  wbetlier  the 
grass-covered  hills  of  our  own  New  England,  are  not  a  better 
source  of  wealth,  and  contentment,  than  the  .precious  metals 
which  the  earth  embosoms.'  But,  however  political  economy 
might  decide  these  questions,  I  suppose  there  are  few  individuals 
who  would  willin^y  shut  their  eyes  upon  gold  mines ;  and  there- 
fore I  have  made  these  suggestions  on  the  subject,  to  prevent  ex* 
penditure  upon  useless  and  ill-phmned  projectSi  in  search  of  this 
precious  metal. 

Idle  search  after  Gold  and  Silver. 

Were  the  history  of  the  wild  and  ill-directed  efforts  that  have 
been  made,  even  in  Massachusetts,  in  search  of  the  precious 
metals,  to  be  written,  it  would  furnish  many  striking  illustrations 
of  the  importance  of  your  Excellency's  suggestions.  Permit  me 
here  to  state  a  few  facts  on  the  subject. 

The  large  quantities  of  the  precious  metals  carried  to  Europe 
from  South  America,  soon  after  its  discovery,  naturally  produced 
some  expectation  of  finding  similar  treasures  here.  But  I  cannot 
learn  that  our  forefathers  expended  large  sums  in  making  excava- 
tions, where  there  was  no  reasonable  prospect  of  finding  any  thing 
valuable.  It  was  reserved  for  their  descendants  to  exhibit  a  credu- 
lity and  superstitious  ignorance  on  the  subject,  that  are  both  lamen- 
table and  ridiculous. 

Perhaps,  at  the  present  day,  a  belief  in  the  mysterious  virtues 
of  the  mineral  rod,  is  the  most  common  of  these  delusions.  Prob- 
ably many  of  our  intelligent  citizens  can  hardly  credit  the  state- 
ment, that  there  are  men  in  various  parts  of  the  State,  who  profess 
not  a  little  skill  in  this  enchantment,  and  are  not  unfrequently  sent 
ibr,  one  or  two  days' journey,  to  decide  whether  there  be  ore  or 
springs  of  water  in  a  particular  place.  In  general,  but  not  always, 
these  professors  of  divination  belong  to  the  most  ignorant  classes 
in  society  ;  for  not  long  since,  a  venerable  and  respectable  man  of 
good  education,  sincerely  thought  it  his  duty,  occasionally  to  pere- 
grinate with  his  divining  rod^  because  it  would  work  in  Ms  hands ; 
and  not  a  few  intelligent  men  have  a  secret  belief  that  the  branches 
of  a  witch  bazle  are  attracted  downward  towards  mineral  sub- 
stances, when  in  the  liands  of  a  certain  individual. 

9 


Digitized  by  CjOOQ IC 


78  Economical  Geology. 

Tbq  followiog  train  of  circumstances  often  takes  place.  A 
man,  ignorant  of  mineralogy,  finds  upon  his  farm,  a  specimen  of 
iron  pyrites,  or  yellow  mica,  or  galena,  which  he  mistakes  for  gold 
or  silver.  Even  if  he  shows  it  to  a  mineralogist,  and  is  told  that  be 
is  mistaken,  he  suspects  that  his  informant  is  deceiving  him,  iu 
the  hope  of  getting  possession  of  the  prize  himself.  He  resolves 
to  begin  an  excavation.  And  he  sees  enough,  in  the  shining  parti- 
cles of  mica  and  feldspar  that  are  thrown  out,  to  buoy  up  his  hopes, 
until  his  purse  is,  well  nigh  drained. 

It  was  probably  in  some  such  way,  that  the  excavations  were 
made  in  Worcester  and  Sterling,  at  the  minesof  arsenical  iron  and 
carbonate  of  iron  ;  although,  in  these  cases,  there  would  be  suffi- 
cient ground  for  obtaining  some  of  these  ores,  since  they  do  some- 
times contain  silver.  But  I  cannot  conceive  why  such  extensive 
excavations  were  made,  when  a  chemist  might  have  easily  settled 
the  question  as  to  their  nature,  by  analyzing  100  grains  of  the  ore, 
unless  it  was  on  the  erroneous  supposition,  which  I  find  to  be  com- 
mon, that  metallic  veins  generally  become  much  richer  and  larger, 
and  even  change  their  contents,  as  they  descend  into  the  earth. 

The  decomposition  of  iron  pyrites,  producing  heat  and  sometimes 
explosion,  is  supposed  by  some  to  be  a  strong  indication  of  miner- 
al riches  in  the  earth  beneath.  The  man  of  the  witch  hazel  rod  is  cal- 
led, and  if  he  confirms  the  suspicion,  as  he  usually  will,  the  excava- 
tion is  commenced ;  nor  is  it  suspended  until  a  heavy  draft  has  becQ 
made  upon  the  man's  pecuniary  resources.  An  extensive  excava- 
ion  was  made,  many  years  ago,  I  am  told,  in  Hubbardston  ;  and  from 
the  character  of  the  rock  there,  I  suspect  that  pyrites  gave  the  first 
impulse  to  the  undertaking.  In  Pepperell,  an  individual  has  been 
engaged  for  several,  years,  in  pushing  a  drift  into  the  rocks,  which  he 
has  penetrated  eight  or  ten  rods ;  although  individuals  who  have 
visited  the  spot,  (I  have  not,)  can  discover  nothing  but  iron  pyrites. 

In  the  year  1815,  an  individual  succeeded  in  getting  a  company- 
formed  and  incorporated  with  a  capital  of  eighty  thousand  dollars, 
called  the  Easton  lead  and  silver  mining  company.  The  fruits  of 
their  labor  may  be  seen  in  an  excavation,  in  red  granite  nearly  one 
hundred  feet  deep,  at  present  nearly  filled  with  water.  I  could 
not  find  a  particle  of  ore,  of  any  kind,  in  the  fragments  blasted 
out.  A  final  stop  was  put  to  the  work,  by  the  killing  of  two  mea 
in  blasting. 

Forty  years  since,  a  shaft  was  sunk  in  Mendon,  in  search  of  the 
precious  metals.  A  little  specular  oxide  of  iron  occurs  at  the 
place. 

Not  many  months  since  an  individual  called  upon  me,  with 
specimens  of  black  blende  or  sulphuret  of  zinc,  found  in  a  neigh- 
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boring  town^  and  which  he  strongly  suspected  to  be  sHver.  I  in«- 
fonned  him  of  its  true  nature,  and  seeing  that  the  vision  bad  got 
strong  hold  upon  his  mind,  I  did  all  in  my  power  to  persuade  him 
DOt  to  engage  in  searching  for  the  ore.  But  the  only  effect  was  to 
stimulate  him  to  commence  an  exploration  with  more  ardor.  The 
zinc  was  found  in  a  loose  piece  of  rock  lying  in  the  field.  The 
man's  impression  was,  that  even  if  that  ore  was  of  no  use,  it 
indicated  something  valuable  beneath.  Accordingly  he  commenced 
di^iig*  £re  long,  his  faith  was  strengthened,  by  some  one's  difr- 
covering  a  light,  during  the  darkness,  near  the  spot ;  and  the  last 
tune  I  heard  from  the  man,  he  had  penetrated  the  soil  about  seven- 
ty feet. 

The  following  case  has  been  stated  to  me  on  such  authority  that 
I  do  not  doubt  its  correctness. 

Some  forty  or  fifty  years  ago,  a  farmer,  residing  not  far  from  the 
centre  of  Massachusetts,  knocked  off  from  a  rock  upon  his  farm,  a 
piece  of  ore,  which  he  sold  in  Boston  for  a  copsiderable  sum,  as  a 
neb  ore  of  silver.  From  that  time  till  the  day  of  his  death,  he 
searched  in  vain  for  the  rock  from  which  it  was  broken.  The  in- 
ference which  he  drew  from  his  ill  success,  was,  that  Satan,  (who 
is  thought,  by  multitudes,  to  have  unlimited  power  over  the  min- 
eral treasures  of  the  earth,)  had  concealed  or  removed  the  pre- 
cious vein.  Conceiving,  however,  that  some  of  bis  posterity  might 
have  more  interest  with  that  personage  than  himself,  he  reserved 
to  the  right  of  digging  the  ore,  in  the  instrument  which  conveyed 
away  his  title  to  the  land.  His  posterity  were  not  forgetful  of  the 
reservation  ;  but  they  were  convinced  it  would  be  of  no  use  to 
them,  unless  they  could  meet  with  some  individual  who  had  en- 
tered into  a  league,  (as  the  phrase  is  with  the  class  of  people 
whom  I  am  describing,)  with  hb  Satanic  majesty. .  Last  year  they 
heard  of  such  a  man,  a  German  in  Pennsylvania,  swbo  had  ob- 
tained possession  of  a  wonderful  glass,  through  which  he  could 
discover  whatever  lies  hid  beneath  the  soil.  The  German  was 
persuaded  to  visit  the  spot,  and  when  I  passed  through  the  place, 
a  little  more  than  a  year  ago,  an  excavation  was  about  to  be  coni- 
menced  under  his  direction.  And  I  have  since  been  told  that  the 
work  was  prosecuted  till  the  owner's  property  was  well  nigh  ex- 
pended. 

Still  more  ridiculous  than  the  opinions  and  practices  above  mea-* 
tbned,  are  some  still  existing  in  a  few  places  in  the  State,  relative 
to  deposits  of  money,  said  to  have  been  made  by  one  Kidd,  a  cel- 
ebrated buccaneer  of  early  times.  The  statement  is,  that  he  fre- 
quently ascended  our  streams  a  considerable  distance,  and  buried 
in  their  banks,  large  sums  of  money.     These  are  supposed  to  be 
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guarded  with  sleepless  vigilaoce  hj  the  personage  mentioDed  be* 
fore.  But  by  the  use  of  certain  incaDtations,  while  digging  for  the 
treasure,  it  may  be  wrested  out  of  his  bands :  for  instance,  perfect 
silence  must  reign  during  the  operation,  unless  it  be  broken  by 
the  reading  of  the  Bible,  and  all  must  be  done  in  the  night.  The 
last  instance  of  the  practice  of  this  mummery,  which  I  hare  heard 
of,  occurred  a  few  years  sinoe  on  one  of  the  branches  of  Westfield 
river.  A  hundred  days'  work  were  expended  upon  the  enterprise 
before  it  was  abandoned.  At  one  time  those  employed  in  this 
work  were  greatly  discouraged,  by  the  intrusion  of  my  informant, 
who,  in  spite  of  all  they  could  do  by  gestures,  broke  silence  and 
thus  dissolved  the  charm.  At  another  time,  courage  was  revived 
by  finding  an  iron  pot,  containing  some  bits  of  copper,  deposited 
there,  the  day  previous,  by  some  boys,  who  had  learned  what  was 
going  forward. 

I  have  given  these  rather  mortifying  detaib,  partly  because  I 
doubt  whether  one  tenth  of  our  population  are  aware  of  the  ex- 
istence of  such  opinions  and  practices  among  us  ;  and  partly  in 
the  hope  that  the  exposition  may  be  instrumental  in  entirely  eradi- 
cating them  fix)m  the  minds  of  those  who  have  been  thus  deluded. 
For,  like  night  fogs,  they  need  only  to  be  brought  into  the  light  of 
day  to  be  dissipated. 

Concluding  Remarks. 

In  concluding  this  summary  of  the  economical  geology  of  Mas- 
sachhsetts,  I  cannot  but  allude  to  the  very  imperfect  developement 
which  has  hitherto  been  made  of  our  mineral  resources.  Judg- 
ing from  what  we  know  at  present,  our  granites,  marbles,  and 
other  rocks,  useful  in  architecture,  are  undoubtedly  the  richest  of 
these  resouroes.  Yet  it  is  only  a  few  years,  since  these  rocks- 
(with  the  exception  of  some  quarries  of  marble,)  have  been  em- 
ployed at  all  for  building  ;  and  even  now,  only  a  few  beds,  and 
these  very  possibly  not  the  best,  have  been  opened.  In  the  vi- 
dnity  of  Connecticut  river,  the  inhabitants  are  just  beginning  to 
learn  that  they  have  beautiful  granite  in  tlieir  own  bills  and  moun- 
tains. The  Berkshire  marbles  are  wrought  on  a  stinted  scale, 
compared  with  what  they  might  be,  were  a  railroad  to  furnish  the 
means  of  ^n  easy  transportation  to  the  Hudson.  And  as  to  our 
peorphyries  and  serpentines,  various  and  abundant  as  they  are,  it  is 
rare  to  meet  with  a  single  polished  specimen.  Our  mineral  veins 
and  beds,  with  the  exception  of  a  few  mines  of  iron,  and  one  of 
lead,  lie  as  yet  almost  untouched,  and  probably  many  of  them 
undiscovered. 

These  fircts  ought  to  be  kept  in  mind  in  forming  an  estimate  of 
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our  mineral  resoarces.  Yet  imperfect  as  is  our  acquaintance  with 
these,  I  think  we  need  not  fear  a  comparisony  in  this  respect,  with 
any  other  part  of  the  country.  Other  states  possess  particular 
minerals  which  are  more  valuable  and  interesting,  and  calculated 
to  awaken  public  attention  more  than  ours  ;  yet  where  is  the  teri- 
tory  abounding  in  a  greater  number  of  rocks  and  minerals,  of  real 
and  permanent  utility,  whose  quality  is  excellent  and  whose  quan- 
tity is  inexhaustible  ?  They  are,  indeed,  of  such  a  character,  that 
they  will  increase  in  value  for  several  generations  to  come.  That 
is,  we  may  calculate  that  the  demand  for  them  will  increase  dur- 
ing that  period,  and  this  demand  will  lead  to  the  discovery  of  va- 
rieties really  more  valuable. 

Thus  far  we  have  regarded  our  geology  only  in  an  economical 
point  of  view.  I  hope  to  show  in  the  subsequent  parts  of  my 
Report,  that  it  is  not  less  interesting  to  the  man  of  taste  and  sci- 
ence. 

Respectfully  submitted, 

Edward  Hitchcock. 

Amheni  CoUege,  Jaa.  1,  1832. 
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PART  II. 

To  His  Excellency  Leti  Lincolk,  Es^. 

Governor  or  Massachusetts. 

I  HAVK  supposed  that  mj  account  of  the  Geology  of  the  State 
would  be  quite  imperfect,  without  some  notice  of  our  Scenery. 
Strictly  speaking,  indeed,  scenery  is  not  geology :  and  yet  the 
contour  of  a  country  owes  its  peculiarities  in  a  great  measure  to 
the  character  of  the  rocks  found  beneath  the  soil :  so  that  the 
geologist,  by  a  mere  inspection  of  the  features  of  the  landscape, 
can  form  a  very  probable  opinion  of  the  nature  of  the  rock  for- 
mations. The  extended  plain,  he  will  pronounce  alluvial,  or  ter« 
tiary.  The  precipitous  ridge  or  mountain,  if  dark  colored,  will 
indicate  trap  rocks ;  if  light  colored,  granite :  if  the  summit  be 
rounded,  and  the  aspect  red  or  gray,  he  will  suspect  it  to  be  made 
up  of  sandstone.  The  more  extended  and  less  precipitous  moun- 
tain ranges,  stretching  away  over  many  a  league,  correspond  more 
nearly  to  the  outlines  of  primary^  rocks.  In  short,  the  connection 
between  the  aspect  of  the  earth's  surface  and  the  nature  of  the 
rocks  beneath,  is  so  obvious,  that  I  have  thought  it  would  not  be  a 
mbnomer,  to  denominate  an  account  of  the  natural  scenery,  Top^ 
ographical  Geology.  In  the  following  sketch  of  the  scenery  of  ^ 
Massachusetts,  my  principal  object  will  be  to  direct  the  attention 
of  the  man  of  taste  to  those  places  in  the  State,  where  be  will 
find  natural  objects  particularly  calculated  to  gratify  bis  love  of 
novelty,  beauty  and  sublimity.  I  have  not  the  space,  b^d  I  tb^ 
ability,  to  describe  them  with  the  vividness  and  fullness  of  the 
poet  or  the  painter.  But  by  sketching  their  obvious  features,  I 
would  hope  to  induce  gentlemen  of  leisure  and  intelligence,  who 
are  lovers  of  the  beautiful,  the  sublime,  and  the  picturesque  in 
nature,  to  visit  and  more  minutely  to  describe  them. 
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The  most  striking  objects  m  the  scenery  of  a  country,  where 
they  existy  are  high  and  precipitous  mountains ;  especially  if  ex- 
tensive plains,  traversed  by  rivers,  stretch  away  from  their  bases. 
I  shall,  therefore,  in  the  first  place,  describe,  those  conspicuous 
peaks  and  ridges  in  the  State,  whose  summits  afford  wide  and  in- 
teresting prospects. 

Massachusetts  is  peculiarly  mouutainoua.  But  mouocaia  scen- 
ery is  not  particularly  interesting,  if  the  slopes  are  gentle,  and  the 
outlines  of  the  bills-  are  much  rounded.  It  needs  the  sharp  tow- 
ering peak,  the  craggy  and  overhanging  cliff,  and  the  roaring  tor- 
rent beneath,  to  arrest  the  attention,  and  excite  strong  emotions. 
Such  objects  are  numerous  in  this  State,  especially  in  the  western 
part.  Here  we  find  some  scenery  that  is  truly  Alpine.  I  begin 
with  the  highest  point  in  the  State,  viz. 

Saddle  Mountain. 

We  have  in  Massachusetts  three  lofty  and  extensive  ranges  of 
mountains,  crossing  the  State  in  a  north  and  south  direction.  The 
summit  of  the  Taconic  Range,  corresponds  nearly  with  the  we^t 
line  of  the  State.  The  Hoosic  Range  is  separated  from  tbe  Ta- 
conic by  a  valley  several  miles  in  width.  It  occupies  alt  the  east- 
em  part  of  Berkshire  county,  and  the  western  part  of  Franklin, 
Hampshire  and  Hampden ;  being  from  30  to  40  miles  bpoad,  and 
extending  easterly  to  the  valley  of  the  Connecticut,  East  of  this 
valley  is  a  belt  of  mountainous  country,  embracing  the  eastern 
part  of  Franklin,  Hampshire  and  Hampden  counties,  and  tbe 
whole  of  Worcester  county :  but  no  specific  tiame  ba^i'^been  ap- 
plied as  yet  to  this  ran^e  as  a  whole. 

Saddle  Mountain  does  not  belong,  properly  speaking,  to  any  of 
these  chains  of  elevated  land ;  though  generally  regarded  as  a  spitr 
from  the  Hoosic  range.  But  it  is  in  fact  an  insulated  eminence, 
mostly  in  the  town  of  Adams,  and  nearly  surrounded  by  vallies, 
above  which  it  rises  2,800  feet,  and  nearly  3,600  above  the  tide 
water  of  the  ocean.  It  is  chiefly  the  insulated  character  of  this 
mountain,  that  renders  it  so  striking  an  object  in  tbe  scenery.  Its 
trummit  IS  supposed  to  bear  a  resemblance  to  that  of  a  saddle ; 
and  hence  its  unpoelic  name.  The  highest  point  of  the  summit 
has  a  much  more  appropriate  designation,  viz.  Orayhck;  from 
the  hoary  aspect  which  the  upper  part  of  the  mountain  presents 
in  the  winter  months.  During  that  season,  tlie  frost  attaches  it- 
self to  the  trees,  whk^b,  thus  decorated,  it  needs  no  great  stretch 
of  imagination  to  regard  as  the  gray  locks  of  this  venerable  moun^ 
tain.  As  the  cold  mcreases,  the  line  of  eongetation  sinks  lower 
and  lower,  covering  more  and  more  of  tbe  mountain  with  frost 
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%ork,  and  a  contrary  effect  results  from  an  increase  of  the  tem- 
perature ;  so  that  this  line  is  frequently  rising  and  falling  during 
the  cold  months^  producing  numerous  fantastic  changes  in  the  as- 
pect of  the  mountain. 

The  best  route  by  which  to  ascend  to  the  summit  of  Graylock, 
passes  up  the  southwestern  declivity  of  the  mountain,  through 
what  is  called  the  Hopper;  and  over  that  spur  of  the  mounuia 
denominated  Bald  Mountain.  The  ascent  is  so  gentle  that  it  may 
be  gained  on  horseback.  Indeed,  in  one  instance  I  was  told  that 
a  lady,  accustomed  to  equestrian  excursions,  reached  the  summit  in 
this  manner :  and  were  the  road  in  the  upper  part  improved  as  it 
might  be,  by  a  little  labor,  her  example  might  be  easily  followed. 
Another  improvement,  also,  should  be  made  before  ladies  are  in- 
vited to  take  this  excursion.  At  present  one  is  obliged  to  climb  a 
tree,  to  the  height  of  30  or  40  feet,  in  order  to  get  an  unobstruct- 
ed view  from  the  summit ;  so  that  either  the  surrounding  trees 
should  be  cleared  away,  or  a  stone  or  wooden  structure  be  erected, 
that  would  overlook  them. 

I  know  of  no  place  where  the  mind  is  so  forcibly  impressed  by 
the  idea  of  vastness,  and  even  of  immensity,  as  when  the  eye  ran- 
ges abroad  from  this  eminence.  Towards  the  south  you  have  a 
view,  nru>re  or  less  interrupted  by  spurs  from  the  Taconic  and  Hoo- 
sic  ranges  of  mountains,  of  that  fertile  valley  which  crosses  the 
whole  of  Berkshire  county.  On  your  right  and  left,  you  look 
down  upon,  or  rather  overlook,  the  Taconic  and  Hoosic  mountains ; 
which  from  the  valley  beneath,  seem  of  such  towering  height  and 
grandeur.  Beyond  these  mountains,  on  every  side,  you  see  the 
summits  of  peak  beyond  peak,till  they  are  blended  with  the  distant 
sky.  The  objects  hi  the  immediate  vicinity  of  the  mountain  do 
not  forcibly  arrest  the  attention ;  though  from  the  northern  point 
of  the  summh,  I  should  suppose  the  valley  of  WiUiamstown  must 
be  delightfully  exhibited.  Still,  the  vast  depth  of  the  valley  around 
you,  as  you  stand  upon  Graylock,  contributes  no  doubt  to  swell 
the  feeling  of  immensity  and  sublimity  produced  by  looking  abroad 
among  such  a  sea  of  mountains* 

Upon  the  whole,  however,  I  was  more  interested  by  the  phe-^ 
Domena  exhibited  in  that  part  of  the  mountain  called  the  Hopper, 
than  by  a  view  from  the  summit.  As  the  traveller  descends  from 
Graylock,  let  him  follow  out  the  naked  summit  of  Bald  Mountain 
nearly  to  its  extremity,  and  then,  on  turning  northerly,  he  will  find 
before  him  a  gulph  at  least  a  thousand  feet  deep,  the  four  sides  of 
which  seem  (although  it  is  not  strictly  so)  to  converge  to  a  point  at 
the  bottom.  The  slope  of  these  sides,  is  so  steep,  that  one  feels 
dizzy  on  looking  into  the  gulph.    These  slopes  are  all  covered 
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with  trees  of  various  species,  among  which  are  occasional  patches 
of  evei^reens,  giving  to  the  whole  a  rich  and  captivating  appear- 
ance. On  the  northeast  side,  howeveri  may  be  seen  the  traces  of 
sewexA  Mountain  Slides y  by  which  the  trees  and  the  loose  soil 
have  been  swept  away  from  the  height,  in  some  cases,  of  1600 
feety  and  of  considerable  width.  It  is  not  more  than  six  or  eight 
years  since  one  or  two  of  these  slides  occurred ;  and  the  paths 
which  they  left  behind,  are  yet  entirely  naked  of  vegetation.  In 
aome  instances  of  earlier  date,  we  perceive  the  vestiges  of  the  ava- 
lanche, only  in  the  stinted  growth,  or  peculiar  character  of  the  trees, 
that  have  sprung  up.  It  is  said  that  one  of  the  most  remarkable  of 
these  slides,  took  place  in  the  year  1784 ;  and  that  one  dwelling 
house  was  swept  away  by  the  inundation,  though  the  inmates  es- 
caped. 

Scattered  through  the  valley  of  Berkshire  and  among  the  high 
ranges  that  bound  it  on  either  hand,  are  many  other  mountains  and 
peaks  that  present  delightful  and  extensive  landscapes  from  their 
summits.  There  is,  however,  such  a  general  resemblance  in  the 
scenery  of  the  county,  that  a  particular  description  of  each  pros- 
pect will  be  unnecessary,  after  what  has  been  said  of  Saddle  Moun- 
tain. In  the  southern  part  of  the  county,  the  Taconic  range 
reaches  a  height  not  much  inferior  to  that  of  Graylock.  That 
part  of  the  range  is  called, 

Mimnt  Waihington. 

It  lies  in  the  southwest  comer  town  of  the  State,  (except  a  small 
triangular  unincorporated  tract  at  the  very  angle  of  the  State  called 
Boston  comer,)  and  as  it  occupies  most  of  the  town,  both  have 
the  same  name.  It  has  two  principal  peaks ;  the  highest  and  most 
Dortheriy  of  which,  rises  2400  feet  above  the  valley  of  the  Hou- 
satonic,  and  3150  above  the  ocean.  The  summit  of  the  ridge  is 
mostly  naked  rock,  with  even  very  little  shrubbery.  The  ascent 
b  easy  on  the  easterly  side,  and  the  view  of  the  plain  of  Sheffield 
and  the  valley  of  the  Housatonic  generally,  is  delightful. 

A  somewhat  intermpted  range  of  mountains  extends  fix>m  Stock- 
bridge  through  the  easterly  part  of  Great  Barrington  and  Sheffield, 
presenting  several  distinct  peaks,  which  have  different  names,  such 
as  Monument  Mountain,  in  Stockbridge,  and  Alum  Hill,  in  Shef- 
field. Beartown  Mountain  extends  from  Stockbridge  through 
Great  Barrington  into  Tyringham;  Rattlesnake  Hill  is  aninsulat- 
ted  mountain  in  Stockbridge. '  The  mountain  separating  West 
Stockbridge  firom  Stockbridge,  and  Richmond  from  Lenox,  is  de- 
nominated at  its  northem  part,  Lenox  Mountain :  and  more  south- 
erly, Stockbridge  Mountain.    In  Washington,  and  extending  into 
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Pittsfield,  is  a  lofty  and  rounded  spur  from  the  Hoosic  range,  called 
Washington  Mountain ;  a  name  too  much  like  Mount  Washington. 
Id  Canaan,  Connecticut,  a  few  miles  beyond  the  Massachusetts 
line,  IS  a  noble  mountain  ridge  with  a  mural  front  on  the  southwest, 
and  several  miles  in  eictent,  called  Canaan  Mountain.  From  all 
these  mountains,  and  others  that  might  be  named,  magnificent  pros- 
pects are  presented,  which,  in  the  midst  of  a  general  resemblance, 
exhibit  so  much  peculiar  to  each,  as  amply  to  repay  the  traveller 
ibr  climbing  them  all. 

The  same  may  be  said  of  numerous  distinct  summits  that  crown 
the  broad  ranges  of  the  Taconic  and  Hoosic.  It  is  extremely  ex« 
failarating  to  the  spirits  of  the  tasteful  traveller,  as  he  traverses 
these  regions,  especially  in  summer,  to  find  such  a  constant  variety 
of  landscape  attending  every  change  of  place.  For  every  new  bill 
that  he  climbs,  he  is  rewarded  by  the  discovery  of  some  new  group- 
ing of  the  distant  mountains ;  some  new  peak  or  ridge  rising  fan- 
tastically in  the  horizon ;  some  new  village  crowning  the  distant  hill 
with  its  neat  white  houses  and  church  spire ;  or  some  hitherto  un- 
seen valley  opens  before  him,  through  which  tumbles  the  mount;^in 
torrent ;  while  the  vast  slopes  of  the  valley  present  so  much  diver- 
sity, softness,  and  richness  of  foliage,  as  to  form  a  lovely  resting  • 
place  for  the  eye. 

In  such  mountainous  regions  it  was  natural  for  the  first  settlers 
to  select  elevated  situations  for  a  residence.  Hence  in  many  in- 
stances the  tops  of  these  ridges  are  crowned  with  many  pleasant  vil- 
lages. Among  those  which  are  thus  situated  and  afford  the  most 
romantic  prospects,  may  be  named  Blanford,  Granville,  Tolland, 
Chester,  Middlefield,  Peru,  Windsor,  Chesterfield,  Goshen,  Cum- 
mington,  Plainfield,  Ashfield,  Hawley,  Shelbume,  Rowe,  Heath, 
and  Leyden.  To  one  accustomed  to  reside  in  a  valley,  it  is  inter- 
esting to  witness  in  one  of  these  places,  the  setting,  but  more  par- 
ticularly the  rising  of  the  sun :  when  very  probably  he  will  see  a 
dense  fog  resting  upon  the  vallies  below,  and  shutting  out  the  sun, 
while  it  shines  in  all  its  glory  upon  the  hills  around  the  observer. 

In  the  elevated  region  east  of  Connecticut  river,  a  still  larger 
number  of  villages  have  been  built  upon  heights  commanding  wide 
horizons :  and  some  these,  being  in  a  superior  style  of  architect- 
ure, are  most  attractive  objects  to  the  distant  traveller.  What  for 
instance  can  be  a  finer  object,  than  the  beautiful  village  of  Leices- 
ter, seen  at  the  distance  of  six  or  eight  miles  !  or  than  Shrews- 
bury, Grafton,  Charlton  or  Rutland !  Similarly  situated  are  Dudley, 
Sutton,  Mendon,  Hopkinton,  Spencer,  New  Braintree,  ^ardwick, 
Barre,  Petersham,  Shutesbury,  New  Salem,  Templeton,  Winchen- 
don,  PrincetCMi,  Wcstford,  Andovcr,  fcc.     The  extent  and  beauty 
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of  the  summer  prospect  from  the  last  mentioned  place  have  long 
been  the  admiration  of  the  traveller. 

Mount  HolyoTce. 

We  come  now  to  the  valley  of  the  Connecticut,  where  is  some 
of  the  boldest  and  most  beautiful  scenery  in  the  State.     Mount 
Holyoke  in  Hadley  claims  the  first  notice  ;  not  on  account  of  its 
superior  altitudci  for  it  is  only  830  feet  above  the  Connecticut  at 
its  base,  and  about  900  above  Boston  Harbor ;  but  on  account  of 
its  peculiar  position  in  respect  to  interesting  objects  around.     It  is 
a  part  of  a  mountain  ridge  of  greenstone,  commencing  with  West 
Rock,  near  New  Haven,  and  proceeding  northerly,  interrupted  only 
by  occasional  vallies,  across  the  whole  of  Connecticut,  until  it  en- 
ters Massachusetts  between  West  Springfield  and  Southwick,  and 
proceeds  along  the  west  line  of  the  first  named   place,  and  along 
the  east  line  of  Westfield,  I^sthampton,  and  Northampton,  to  the 
banks  of  the  Connecticut.     Until  it  reaches  Easthampton,  its  ele- 
vation is  small.     But  there  it  suddenly  mounts  up  to  the  height  of 
nearly  a  thousand  feet,  and  forms  Mount  Tom.     The  ridge  crosses 
the  Connecticut,  in  a  northeast  direction,  and  curving  still  more  to 
the  east,  passes  along  the  dividing  line  of  Amherst  and  South  Had* 
ley,  until  it  terminates  ten  miles  from  the  river  in  the  northwest 
part  of  Belchertown.     All  that  part  of  the  ridge  east  of  the  river, 
is  called  Holyoke :  though  the  prospect  house  is  erected  near  its 
southwestern  extremity,  opposite  Northampton,  and  near  the  Con- 
pecticut.     And  that  is  undoubtedly  the  most  commanding  spot  on 
the  mountain,  though  several  distinct  summits,  that  have  as  yet  re- 
ceived no  uniform  name,  afibrd  delightful  prospects.     It  is  not  gen- 
erally known,  indeed,  how  a  slight  change   of  situation  upon   a 
mountain,  will  often  put  an  almost  entirely  new  aspect  upon   the 
surrounding  scenery.     A  knowledge  of  this  fact,  might  often  give 
a  tenfold  duration  to  the  pleasure  of  the  observer.     The  man  who 
means  to  feast  to  the  full  upon  mountain,  scenery,  should  be  ac- 
coutred in  such  a  manner  that  he  can  turn  aside  from  the  beaten 
track,  urge  his  way  through  the  tangled  thicket,  and  climb  the 
craggy  cliff.     There  is  a  peculiar  pleasure,  which  such  a  man  only 
can  experience,  in  feeling  that  be  has  reached  a  point  perhaps 
never  trodden  by  human  foot,  and  is  the  first  of  the  rational  crea- 
tion that  ever  feasted  on  the  landscape  before  him. 

In  the  view  from  Holyoke  we  have  the  grand  and  the  beautiful 
united  ;  the  latter,  however,  greatly  predominating.  The  observer 
finds  himself  lifted  up  nearly  a  thousand  feet  from  the  midst  of 
a  plain  which,  northerly  and  southerly,  is  of  great  extent ;  and  so 

comparatively  narrow  is  the  naked  rock  on  which  he  stands^  that 
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^e  wonders  why  the  winds  and  storms  of  centuries  have  not  broken 
it  down.  He  soon,  howeveri  forgets  the  mountain  beneath  hiniy 
in  the  absorbing  beauties  before  biro.  For  it  is  not  a  barren  un- 
enlivened plain  on  which  his  eye  rests ;  but  a  rich  alluvial  valley, 
geometrically  diversiOed  in  the  summer  with  grass,  corn,  grain,  and 
whatever  else  laborious  industry  has  there  reared.  On  the  west, 
and  ^  little  elevated  above  the  general  level,  the  eye  turns  with 
delight  to  the  populous  viUage  of  Northampton  ;  exhibiting  in  its 
public  edifices,  and  private  dwellings  an  unusual  degree  of  neat- 
ness and  elegance.  A  little  more  to  the  right,  the  quiet  and  sub- 
stantial villages  of  Uadley  and  Hatfield,  and  still  farther  east  and 
more  distant,  Amherst  with  its  College,  Gymnasium,  and  Acade- 
my, on  a  commanding  eminence,  form  pleasant  resting  places  for 
the  eye.  But  the  object  that  perhaps  most  of  all  arrests  the  at- 
tention of  the  man  of  taste,  is  the  Connecticut,  winding  its  way 
majestically,  yet  most  beautifully,  through  the  meadows  of  Hatfield, 
Hadley,  and  Northampton ;  and  directly  in  front  of  Holyoke,  as  if 
it  loved  to  linger  in  so  tranquil  a  spot,  it  sweeps  around  in  a  grace- 
ful curve  of  three  miles  extent,  without  advancing  in  its  oceanward 
course  a  hundred  rods.  Then  it  passes  directly  through  the  deep 
opening  between  Holyoke  and  Tom,  which  its  own  waters,  or  more 
probably,  other  agencies  have  excavated  in  early  times.  Below 
this  point,  the  Connecticut  is  in  full  view,  like  a  serpentine  mirror, 
for  nearly  twenty  miles.  And  through  a  deception,  explicable  by 
the  laws  of  perspective,  there  seems  to  be  a  gradual  ascent  of  the 
river,  the  whole  distance,  till  at  its  vanishing  place  it  seems  eleva- 
ted nearly  to  a  level  with  the  eye :  just  as  the  parallel  sides  of 
a  long  avenue  seem  to  approach  nearer  until  they  meet. 

The  valley  on  the  south  of  Holyoke  is  not  as  interesting  as  that 
on  the  west  and  north ;  chiefly  because  the  land  is  less  fertile. 
The  village  of  South  Hadley  is  indeed  a  pleasing  object.  But 
Springfield,  one  of  the  lovliest  spots  in  America,  is  too  far  removed 
for  an  exhibition  of  its  beauty.  Other  places  south  of  Springfield 
are  indistinctly  visible  along  the  banks  of  the  Connecticut :  and 
even  the  spires  of  some  of  the  churches  in  Hartford,  may  be  seen 
in  good  weather,  just  rising  above  the  trees.  Still  farther  south 
in  that  direction,  may  be  seen  the  abrupt  greenstone  bluffi  midway 
between  Hartford  and  New  Haven ;  and  looking  with  a  telescope 
between  these,  other  low  hills  may  be  indistinctly  seen,  which 
may  be  the  trap  ridge  encircling  New  Haven. 

Facing  the  southwest,  the  observer  has  before  him  on  the  op- 
posite side  of  the  river,  the  ridge  called  Mount  Tom,  rising  one  or 
two  hundred  feet  higher  than  Holyoke,  and  dividing  the  valley  of 
the  Connecticut  longitudinally.  ♦The  western  branch  of  this  val- 


Digitized  by  VjOOQ IC 


90  Topographical  Geology. 

ley  is  bounded  on  the  west  by  the  eastern  slope  of  the  Hoosic 
range  of  mountains ;  which,  as  seen  from  Holyoke,  rises  ridge 
above  ridge  for  more  than  twenty  miles,  chequered  with  cultiva- 
ted fields  and  forests,  and  not  unfrequently  enlivened  by  villag- 
es and  church  spires.  In  the  northwest  the  Graylock  may  be 
seen  peering  above  the  Hoosic ;  and  still  farther  north,  several  of 
the  lofty  peaks  of  the  Green  Mountains  (which  are  merely  a 
continuation  of  the  Hoosic,)  shoot  up  beyond  the  region  of  clouds, 
in  imposing  grandeur.  Nearer  at  hand  and  in  the  valley  of  the 
Connecticut,  the  insulated  Sugar  Loaves  and  Toby  present  their 
fantastic  outlines  :  while  far  in  the  northeast  stands  in  insulated 
grandeur  the  cloud-capt  Monadnoc. 

Probably  under  favorable  circumstances,  not  less  than  30 
churches,  in  as  many  towns,  are  visible  from  Holyoke.  The 
north  and  south  diameter,  of  the  field  of  vision  there,  can  scarcely 
be  less  than  150  miles, 

3i^e  Columni. 

Less  than  a  half  a  mile  south  of  the  road  leading  to  the  pros- 
pect house  on  Holyoke,  and  in  the  western  face  of  the  ridge,  may 
be  seen  some  interesting  examples  of  greenstone  columns.  They 
stand  side  by  side  to  the  height  of  many  feet,  and  as  the  lower 
part  of  the  outer  ones  has  fallen  down,  their  curiously  formed 
tops  project  from  the  cliff  and  seem  to  threaten  the  observer  with 
destniction.  In  the  third  part  of  my  Report  I  shall  describe  these 
columns  more  particularly.  But  I  think  they  must  prove  attract- 
ive to  every  one  to  whom  a  visit  to  the  top  of  the  mountain,  is  in- 
teresting. The  visitor,  however,  must  not  expect  a  very  smooth 
path  in  reaching  them  ;  for  he  must  clamber  over  a  large  amount 
of  debris y  sloping  at  an  angle  of  45^ 

Titan's  Pier. 

Standing  upon  Holyoke  and  facing  the  south,  one  has  directly 
before  him,  and  as  it  were  under  his  feet,  the  deep  gorge  between 
Holyoke  and  Tom,  through  which  Connecticut  river  passes.  Fol- 
lowing the  western  side  of  the  mountain,  as  it  rapidly  descends  to 
the  river,  we  find  it  terminating  with  a  naked  rock  extending  sev- 
eral rods  into  the  river,  and  nearly  perpendicular  on  the  side  next 
to  the  water,  from  20  to  100  feet  high.  A  considerable  part  of 
this  naked  rock  exhibits  a  columnar  structure  ;  not  in  general  as 
perfect  as  the  spot  above  described,  yet  sufficiently  regular  to  re- 
quire little  aid  from  the  imagination,  to  be  regarded  as  artificial ; 
though  obviously  demanding  giant  strength  for  its  construction.  I 
have  said  that  the  <:olumnar  strudlure  was  not  in  general  very  per- 
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feet.  But  if  one  can  work  his  way  along  the  western  face  of  this 
precipice  at  low  water,  be  will  find,  near  where  the  rock  passes 
under  the  river,  the  tops  of  numerous  columns  of  greatlregularity ; 
their  upper  portions  have  heen  removed  by  the  force  of  the  stream, 
which  for  so  many  centuries  has  been  battering  this  cliff  with  Ic^s 
and  ice.  By  referring  to  the  next  part  of  my  Report,  a  more 
definite  idea  can  be  obtained  of  these  columns.  But  from  what  I 
have  now  said,  every  intelligent  man  will  perceive  that  they 
are  very  similar  to  those  on  the  coast  of  Ireland,  which  form 
FingaPM  Cave  and  the  Giani^s  Cauiway.  The  nature  of  the  rock 
too,  is  essentially  the  same  in  all  these  places.  Why  then  may  I 
not  be  permitted  lo  denominate  this  rock,  Titan's  Pier?  At 
least,  may  I  not  hope  by  this  description  to  attract  the  attention  of 
visitors  to  Holyoke  to  this  spot  ?  Hitherto  it  has  been  passed  un- 
noticed. 

Mount  Tom. 

As  this  is  higher  than  Holyoke,  and  insulated  in  the  same  great 
valley,  the  view  fix>m  its  summit  cannot  but  be  commanding ; 
yet  most  of  the  interesting  group  of  objects  around  the  base  of  the 
former,  is  wanting  around  the  latter.  Hence  Tom  is  not  much 
frequented ;  while  during  the  summer  months,  Holyoke  is  a  place 
of  great  resort 

I  obtained  from  this  mountain  one  summer  morning,  a  striking 
view,  while  yet  the  whole  valley  of  the  Connecticut  was  envel- 
oped in  fog,  and  Tom  with  a  few  other  elevated  peaks  connected 
with  the  greenstone  range,  alone  rose  above  the  vapor.  The 
sun  shining  brighdy  and  the  wind  gently  blowing,  gave  to  this  fog 
a  strong  resemblance  to  an  agitated  ocean.  To  the  north  and 
south  it  seemed  illimitable ;  but  on  the  east  and  the  west,  the 
high  mountain  ranges  that  form  the  boundaries  of  the  valley  of 
the  Connecticut,  constituted  its  shores.  I  could  not  but  feel  trans- 
ported back,  to  that  remote  period,  when  this  great  valley  was  en- 
veloped in  like  manner,  by  water,  and  Holyoke  and  Tom  formed 
only  low  and  picturesque  islands  upon  its  surface. 

Sugar  Loaf  Mountain. 

No  object  in  the  valley  of  the  Connecticut,  is  more  picturesque 
than  this  conical  peak  of  red  sandstone,  which  rises  almost  perpen- 
dicularly 500  feet  above  the  plain  on  the  bank  of  the  Connecticut, 
in  the  south  part  of  Deerfield.  As  the  traveller  approaches  this 
hill  from  the  south,  it  seems  as  if  it  summits  were  inaccessible. 
But  it  can  be  attained  without  difficulty  on  foot,  and  afibrds  a  de- 
lightful view  on  almost  every  side.     The  Connecticut  and  the 
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peaceful  Tillage  of  Sunderland  on  its  bank,  appear  so  near,  that 
one  imagines  he  might  almost  reach  them  by  a  single  leap. 

This  mountain  overlooks  the  site  of  some  of  the  most  sanguin- 
ary scenes,  that  occurred  during  the  early  settlement  of  this  re-* 
gion.  A  little  south  of  the  mountain  the  Indians  were  defeated  in 
1675  by  Captains  Lathrop  and  Beers  :  and  one  mile  northwest, 
where  the  village  of  Bloody  Brook  now  stands,  (which  derived  its 
name  from  the  circumstance,)  in  the  same  year,  Captain  Lathrop, 
was  drawn  into  an  ambuscade  with  a  company  of  ^  eighty  young 
men,  the  very  flower  of  Essex  County,'  who  were  nearly  all 
destroyed. 

Deerfield  Mountain. 

A  sandstone  ridge  commences  at  Sugar  Loaf,  and  runs  northerly 
through  Deerfield  and  Greenfield,  into  Gill,  increasing  in  height 
as  far  as  the  village  of  Deerfield,  where  it  is  700  feet  above  the 
plain  on  which  that  village  stands.  Standing  near  this  point,  on 
the  western  edge  of  the  mountain,  a  most  enchanting  panorama 
opens  to  view.  The  alluvial  plain  on  which  Deerfield  stands  is 
sunk  nearly  100  feet  below  the  general  level  of  the  Connecticut 
valley ;  and  at  the  southwest  part  of  this  basin,  Deerfield  river  is 
seen  emerging  from  the  mountains,  and  winding  in  the  most  grace- 
ful curves  along  its  whole  western  border.  Still  more  beneath  the 
eye  is  the  village,  remarkable  for  regularity,  and  for  the  number 
and  size  of  the  trees  along  the  principal  street.  The  meadows,  a 
little  beyond,  are  one  of  the  most  verdant  and  fertile  spots  in  New 
England.  Upon  the  whole,  this  view  is  one  of  the  most  perfect 
pictures  of  rural  peace  and  happiness  that  can  be  imagined. 

Mount  Toby. 

This  is  a  sandstone  mountain  of  not  less  elevation  than  Mount 
Tom ;  and  it  is  separated  from  Sugar  Loaf  by  Connecticut  river, 
lying  partly  in  Sunderland  and  partly  in  Leverett.  It  is  separat- 
ed also  by  a  deep  valley  from  the  primitive  mountains  near  it  on 
the  east.  It  is  a  noble  mountain,  and  as  yet,  is  almost  covered  by 
forests.  The  view  from  its  summit  is  commanding,  but  it  embraces 
no  objects  of  peculiar  and  special  interest. 

It  has  frequently  been  stated,  and  that  too  by  very  respectable 
authority,  that  the  ridges  forming  East  and  West  Rock,  Hoiyoke, 
Toby,  be,  are  a  part  of  the  broad  ranges,  which,  commencing  at 
Long  Island  Sound,  rise  gradually  towards  the  north  into  the  Hoo- 
sic  and  Green  Mountains  on  the  west  side  of  Connecticut  river, 
and  into  Monadnoc  and  the  White  Mountains  on  the  east  side. 
But  a  slight  knowledge  of  the  geological  character  of  these  moua- 
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tains,  18  sufficient  to  show  that  the  trap  and  coDglomerate  ridges 
along  the  Connecticut,  differ,  toto  coelo,  from  the  primary  ranges 
on  either  side.  And  a  slight  examination  of  the  topography  of 
these  mountains,  shows  that  the  former  are  uniformly  separated  by 
deep  vallies  from  the  latter,  and  have  no  geographical  connection 
except  proximity. 

What  a  pity  it  is,  that  so  many  of  the  most  interesting  moun- 
tains and  hiJls  in  Massachusetts  have  got  attached  to  them  such 
uncouth  and  vulgar  names  1     How  must  the  poets  lines 


BcfMnble  ap  and  down 
On  diflproportioned  legs,  like  Kangaroo, 

if  such  words  as  Saddle  Mountain,  Rattle  Snake  HiH,  Bear  Town 
Mountain,  Mount  Tom,  Mount  Toby,  Sugar  Loaf,  Blue  Moun- 
tain and  Deerfield  Mountain,  be  introduced.  Holyoke,  Taconic, 
Hoosic  and  Wachusett,  are  more  tolerable  ;  though  most  of  them 
have  an  Indian  origin.  It  would  have  been  fortunate,  if  our  fore- 
fiithers  had  not  attempted  in  general  to  supersede  the  aboriginal 
designations.  For  what  mountain  can  ever  become  an  object  of 
much  regard  and  attachment,  if  its  beauties  and  sublimities  can- 
not be  introduced  into  a  nation's  poetry,  without  producing  the 
most  ridiculous  associations !  Fortunately  there  are  some  summits 
in  the  State  yet  unnamed.  It  is  to  be  hoped  that  men  of  taste, 
will  see  to  it,  that  neither  Tom,  nor  Toby,  nor  Bears,  nor  Rattle 
Snakes,  nor  Sugar  Loaves,  shall  be  Saddled  upon  them. 

In  the  eastern  part  of  the  State,  the  interesting  mountains  are 
few;    The  loftiest  and  most  striking  is 

Wachusett. 
This  mountain  is  b  Princeton,  whose  general  elevation,  above 
the  ocean,  is  1100  feet:  and  the  mountain  lifts  its  conical  head 
1900  feet  higher,  so  as  to  be  3000  feet  above  Massachusetts  Bay. 
The  ascent  on  foot  is  not  difficult.  From  the  summit,  which  is 
little  more  than  naked  rock,  the  eye  takes  in  a  vast  extent  of  coun- 
try on  every  side.  On  the  east  and  south  the  distant  hills  are  com- 
paratively low,  and  seem  to  possess  an  even  outline.  On  the  west 
and  northwest,  mountain  ridges  and  peaks  succeed  one  another, 
becoming  more  and  more  faint,  until  the  distant  Hoosic  and  Green 
Mountains  fade  away  into  the  blue  heavens.  Several  neat  villages 
around  the  base  gf  this  mountain  with  numerous  ponds  of  consid- 
erable extent,  give  an  interesting  variety  and  liveliness  to  the  pic- 
ture. Probably  more  of  Massachusetts  may  be  seen  from  this 
mountain  than  from  any  other  in  the  State.  It  attracts  numerous 
viators,  and  a  small  square  wooden  tower  has  been  erected  on 
the  top. 

11 
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Blue  HilU. 


This  is  the  highest  and  most  conspicuous  range  of  bills  in  the 
yicinity  of  Boston.  It  is  most  elevated  at  its  western  extremity, 
in  the  southwest  part  of  Milton,  where  it  rises  710  feet  above  the 
ocean.  A  lit^e  to  the  southeast,  and  just  within  the  limits  of 
Quincy,  the  summit  is  elevated  680  feet.  Still  farther  east  it  is 
570  feet.  Northeast  a  little  from  this  peak,  is  another  530  feet 
high.  The  Monument  Quarry  in  the  northeast  part  of  these  bills, 
is  390  feet  high ;  and  Pine  Hill,  to  the  southeast  of  this  quar- 
ry, b  235  feet  high.  All  these  summits  command  extensive  and 
most  interesting  prospects.  And  there  are  some  circumstances 
that  impart  to  these  landscapes  peculiar  interest.  One  is  the  prox- 
imity of  these  bills  to  Boston  ;  whose  numerous  edifices,  masts, 
spires,  and  towers,  and,  nobly  peering  above  the  rest,  the  dome 
of  the  State  House,  present  before  the  observer,  a  most  forcible 
exarnple  of  human  skill  and  industry,  vieing  with,  and  almost 
eclipsing  nature.  And  the  high  state  of  cultivation  exhibited  in 
the  vicinity  of  Boston,  with  the  numerous  elegant  mansions  of 
private  gentlemen,  crowning  alknost  every  hill,  and  imparting  an 
air  of  freshness  and  animation  to  the  valley  and  the  plain,  testify 
bow  much  taste  and  wealth  can  do  in  giving  new  charms  to  the 
face  of  nature. 

From  these  hills  the  observer  has  also  a  fine  view  of  Boston 
Harbor;  and  this  is  another  circumstance  of  peculiar  interest. 
For  to  look  out  upon  the  ocean  is  always  an  imposing  sight ;  but 
when  that  ocean  is  studded  with  islands,  most  picturesque  in  shape 
and  position,  and  the  frequent  sail  is  seen  gliding  among  them,  he 
must  be  insensible  indeed,  whose  soul  does  not  kindle  at  the  scene, 
and  linger  upon  it  with  delight. 

On  Monument  Hilj,  is  opened  perhaps  the  largest  of  the 
quarries  of  Quincy  granite ;  and  from  thence  a  rail  road  (the  only 
one  of  much  extent  yet  existing  in  Massachusetts,)  runs  directly 
to  Neponset  river :  and  this  is  another  circumstance  of  peculiar  in- 
terest to  the  visitor  of  these  hills.  Let  him  ascend  the  granite 
tower,  which  the  proprietors  of  the  quarry  have  erected  on  its  site, 
and  be  will  have  before  him,  not  merely  the  rich  variety  of  natural 
and  artificial  objects  above  descibed,  but  this  railway,  also,  stretch- 
ing away  for  miles  in  a  right  line  towards  the  river,  with  here  and 
there  the  cars  going  and  returning.  Such  conveyances,  however, 
will  soon  cease  to  be  a  novelty  in  Massachusetts. 

Many  other  hills  of  moderate  altitude  around  Boston,  particu- 
larly on  the  south  of  the  city,  might  be  mentioned  as  a  worthy  of 
a  visit  for  the  prospects  presented  from  their  summits.  The  heights 
of  the  following  are  given  on  Hale's  beautiful  <  Map  of  Boston  and 
its  vicinity.' 
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Id  Quincy,  near  the  Common,      ....      310  feet 
do.       One  mile  north,      .....   175 
do.       A  half  mile  farther  north,         -      -       107 
do.       A  little  N.  W.  of  Hon.  J.  Quincy's  seat,  40 
do.       Great  Hill,  near  the  eastern  extremity  of 

the  town,       -..--.  94 

do.       Squantum,     ---.--       99 

In  Braintree,  near  the  east  line,  ....        205 

In  Weymouth,  near  the  west  line,         ...     210 

do.       Near  Town  River  Bay,  ...        134 

In  Hingham,  N.  W.  part  of  the  town,   -      -      -    112 

do.     On  Crown  Point, 102 

do.     A  little  N.  tV.  of  Mr.  Brook's  M.  House,    107 

In  Hingham,  a  little  south  of  Mr.  Brook's  M.  House,   75 

do.         Near  the  east  line  of  the  town,     -      -     230 

III  Cobasset,  near  the  west  line  of  the  town,     -    -  215 

do.         A  mile  south  of  Nantasket  Beach,      -     175 

do.         N.  E.  part  of  the  town,  close  to  the  shore,  1 10 

In  Milton,  at  the  Academy,      .....  208 

do.         One  mile  south  of  this  place,      -      -      226 

do.         A  mile  west  of  the  last,  -      -      -      -217 

do.         N.  W.  part  of  the  town,     ...      216 

In  Dedbam,  at  Mr.  White's  M.  House,         -      -   405 

In  Dover,  Pine  Hill,  south  part,  ....       400 

In  Waltham,  Prospect  Hill,      .....     470 

do.         Bear  Hill, 510 

do.         Near  the  N.  E.  line  of  the  town,        -    570 
In  Lincoln,  Dr.  Steam's  M;  House,  -      -      -        470 

do.         Mount  Tabor, 370 

In  West  Cambridge,  near  the  S.  W.  line  of  the  town,  320 
In  Watertown,  N.  W.  comer,  -  -  -  -  310 
In  Charlestown,  Prospect  Hill,  -      ...      - 120 

do.         Winter  Hill, 120 

In  Chelsea,  Pulling  Point, 84 

In  Lynn,  near  Phillip's  Point,  ...  -  135 
do.  Near  King's  Beach,  -  -  -  -  - 147 
do.  A  mile  N.  E.  of  Lynn  Hotel,  -  -  120 
do.  Half  a  mile  north  of  "  "...  125 
do.         A  mile  north  of        «        "         -      -     140 

In  Marblehead,  Legg's  Hill, 160 

do.  Half  a  mile  N.  E.  from  do.  -  -  97 
do.  Three  quarters  of  a  mile  N.  E.  of  the  last,  105 
do.  N.  E.  part  of  the  town,  ....  135 
do.         A  little  north  of  the  village,      -      *       130 
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In  Marblebead,  on  Marblehead  Neck,    ...  137 

In  Salem,  east  of  Spring  Pond,    -      -      -      -      197 

do.         N.  W.  part  of  the  town,        ...   145 

do.         S.  E.  part  of  the  town,      -      -      -       176 

do.         A  little  west  of  South  Fields.        -      -   186 

Some  of  the  views  from  the  hills  around  Salem  and  those  on  the 
promontory  of  Marblehead,  are  of  an  imposing  character.  The 
extreme  rockiness  of  the  coast  and  islands  strikes  the  observer  at 
first  as  evidence  of  irreclaimable  sterility.  But  when  he  sees  the 
luxuriant  vegetation  of  every  cultivated  spot,  and  the  populousness 
and  elegance  of  Salem  and  many  of  the  neighboring  vUlageSi  the 
contrast  increases  his  pleasure. 

Having  thus  noticed  all  the  important  hills  and  mountains  in  the 
State,  with  reference  to  views  from  their  summits,  I  proceed  briefly 
to  sketch  the  picturesque  scenery  of  particular  districts.  For  we 
have  not  seen  all  that  is  interesting  in  the  scenery  of  a  country,  when 
we  have  only  looked  over  it  from  its  elevated  points.  The  ever 
varying  prospects  which  are  produced  by  those  elevations,  to  one 
winding  through  the  vallies  among  them,  are  often  of  the  most  ro- 
mantic character. 

Tht  VaUies  of  Berkshire. 

In  exemplification  of  this  position,  let  us  suppose  an  observer 
to  pass  from  Williamstown  southerly  through  New  Ashford,  Lanes- 
borough,  Lenox,  Lee,  Stockbride,  Great  Barrington,  and  Sheffield. 
Till  beyond  New  Ashford,  he  will  be  following  one  of  the  branches 
of  Hoosic  river  up  the  valley  of  Williamstown,  On  his  right  rises 
the  broad  slope  of  the  Taconic  range  of  mountains ;  while  on  his 
left,  and  near  at  band,  Saddle  Mountain  shoots  up  in  imposing 
grandeur ;  and  more  distant,  through  a  lateral  valley,  a  part  of  the 
Hoosic  range  is  visible.  If  it  be  spring,  these  mountain  sides  ex- 
hibit numerous  species  of  trees  and  shrubs  emulating  one  another 
in  putting  on  their  party-colored  foliage ;  while  here  and  there  an 
Aronia,  or  a  Comus,  is  entirely  clothed  with  white  blossoms  before 
the  appearance  of  its  leaves.  If  it  be  summer,  these  vast  slopes 
are  covered  from  base  to  summit  with  a  vegetable  dress,  embracing 
every  hue  of  green,  from  the  dark  hemlock  and  pine,  to  the  almost 
silvery  whiteness  of  the  white  oak  and  poplar.  If-  it  be  au- 
tumn, that  same  foliage,  now  assuming  almost  every  color  of 
the  spectrum,  and  of  hues  almost  as  bright,  presents  one  of 
the  most  splendid  objects  in  nature. 

As  the  traveller  appproaches   New  Ashford,  the  hills  crowd 
closer  apd  closer  upon  his  path,  which  winds  among  them  in  con- 
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formity  with  siBUOsities  of  the  river ;  and  a  succession  of  roman- 
tic and  Alpine  beauties  is  constantly  opening  before  bim. 

Having  reached  the  north  part  of  Lanesborough,  he  begins  to 
descend  into  the  valley  of  the  Housatonic,  which  gradually  widens 
before  bim,  and  ere  he  reaches  Sheffield,  presents  to  his  view  a 
number  of  most  delightful  villages,  generally  in  the  vicinity  of  fer- 
tile alluvial  tracts ;  while  on  every  side,  mountains  of  various  al- 
titudes and  of  almost  every  shape,  form  the  outline  of  the  land- 
scape. Where,  for  instance,  does  the  traveller  meet  in  any  part 
of  our  land  with  lovlier  spots  than  Pittsfield,  Lenox,  Lee,  Stock- 
bride,  and  Great  Barrington ! 

Valley  of  the  Connecticui. 

Tbe  circumstances  that  render  the  scenery  of  this  valley  so  at- 
tractive to  the  man  of  taste,  are  the  extent  and  fertility  of  its  allu- 
vial meadows ;  the  precipitous  boldness  and  irregular  outline  of 
its  trap  and  sandstone  ranges,  already  described  ;  and  the  magni- 
tude and  beauty  of  the  Connecticut,  and  of  its  principal  tributa- 
ries, the  Westfield  and  the  Deerfield,  winding  through  the  secon- 
dary basins  which  their  waters  or  other  agencies  have  produced. 
Let  such  a  region  as  this  be  sprinkled  over  with  villages  like 
Longmeadowj  Springfield,  West  Springfield,  South  Hadley,  Am- 
berst,  Sunderland,  Northampton,  Hadley,  Hatfield,  Deerfield, 
Greenfield,  and  Northfield,  and  it  needs  the  inspiration  of  poetry 
to  describe  its  beauties.  Unfortunately,  however,  the  valley  of 
the  Connecticut  remains  yet  to  be  described. 

Several  of  the  villages  above  named  are  sufficiently  elevated  to 
overlook  the  surrounding  region  to  a  considerable  extent,  though 
neighboring  mountains  still  tower  above  them  ;  and  thus  are  com- 
bined the  beauties  and  advantages  of  a  location  upon  a  hill,  with 
those  to  be  found  in  a  valley.  The  upper  terrace  of  Springfield, 
on  which  stands  the  United  States  Armory,  is  thus  elevated.  Still 
higher  IS  South  Hadley,  with  Holyoke  and  Tom  half  encircling  it 
on  tbe  west  and  north,  except  where  the  Connecticut  has  opened  a 
passage  between  these  mountains ;  serving  as  a  vista  through  which 
is  disclosed  at  greater  distance  the  Hoosic  range.  From  the  Gym- 
nasium on  Round  Hill  in  Northampton  is  one  of  the  richest  views 
of  fertile  meadows,  and  mountains  of  fantastic  shape,  to  be  found 
in  the  country.  From  tbe  Gymnasium  at  Amherst  is  a  similar 
prospect;  and  from  the  College  tower  in  the  same  place,  one  of 
wider  range  and  more  imposing  features.  From  tbe  Seminary  in 
Greenfield,  a  southern  prospect  opens  of  enchanting  beauty.  ^ 

Tbe  openmg  of  a  new  road  along  the  banks  of  the  Connecticut, 
b  the  northwest  part  of  South  Hadley,  has  brought  to  light  (I 
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metfn,  to  my  own  eyes,)  a  most  lovely  landscape.  Standing  on 
the  elevated  bank  and  facing  the  northwest,  you  look  directly  up 
the  Connecticut  river,  where  it  passes  between  Holyoke  and  Tom ; 
those  mountains  rising  with  precipitous  boldness  on  either  side  of 
the  valley.  Through  the  opening,  the  river  is  seen  for  two  or 
three  miles,  enlivened  by  one  or  two  lovely  islands,  while  over  the 
rich  meadows  that  constitute  the  banks,  are  scattered  trees,  through 
which,  half  hidden,  appears  in  the  distance  the  village  of  North- 
ampton ;  its  more  conspicuous  edifices  only  being  visible.  Far 
beyond,  and  forming  the  remote  outline  of  the  picture,  lies  the 
broad  eastern  slope  of  the  Hoosic  mountains.     (See  Plate  IV.) 

Another  road  has  been  recently  opened  on  the  banks  of  the 
Connecticut  in  the  north  part  of  Springfield,  a  mile  or  two  below 
South  Hadley  Canal :  and  here,  too,  as  you  face  the  northwest,  a 
landscape  full  of  interest  opens  before  you.  In  full  view  towards 
the  left  hand  side  of  the  picture,  you  have  the  Falls  in  the  Con- 
necticut and  the  entrance  of  the  Canal  on  the  north  shore.  A 
little  to  the  right  of  the  Canal,  a  well  built  village  occupies  a  beau- 
tiful ampitheatre,  whose  elevated  border  is  not  less  than  150  feet 
high,  and  mostly  crowned  with  oakes  and  pines.  Beyond  this,  at 
DO  great  distance,  however.  Mount  Tom  occupies  the  back  ground 
with  its  bold  and  imposing  outline.     (See  Plate  VI.) 

Three  miles  southeast  of  Sugar .  Loaf,  in  Deerfield,  that  peak 
presents  one  of  the  most  unique  views  conceivable.  Its  outlines 
are  so  regular,  that  were  the  traveller  to  meet  with  it  in  Egypt,  he 
might,  at  first  view,  regard  it  as  indebted  to  human  art,  for  its  pres- 
ent shape.  At  any  rate,  in  that  country  it  would  probably  have 
been  wrought  into  a  second  Sphinx,  or  some  other  gigantic  mon- 
ster. But  to  the  student  of  nature  it  is  no  less  interesting  as  the 
work  of  God.  A  little  to  the  left,  as  seen  from  the  place  men- 
tioned above,  the  southern  point  of  the  Deerfield  Mountain,  some- 
times called  North  Sugar  Loaf,  appears,  as  well  as  the  bold  wes- 
tern front  of  that  range  for  several  miles  ;  and  a  little  to  the  right, 
across  the  Connecticut,  Mount  Toby  is  in  full  view.  The  sketch, 
Plate  VH.,  was  taken  considerably  nearer  to  Sugar  Loaf,  and  dif- 
fers somewhat  from  the  above  description. 

Ravine  of  Westfield  River, 

Westfield  river  has  found  or  formed  a  deep  passage  across  the 
whole  eastern  slope  of  the  Hoosic  range  of  Mountains,  through 
the  towns  of  Westfield,  Russell,  Blanford,  Chester,  and  Middle- 
field.  The  ravine  through  which  it  passes,  is  for  the  most  part 
very  deep  and  narrow,  and  cuts  across,  not  only  the  general  direc- 
tion of  the  mountain   ranges,  but  across    the  rock  strata  also. 
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Hence  it  might  be  expected  that  the  sides  of  this  ravine  would 
exhibit  wild  and  interesting  scenery.  Nor  will  this  expectation  be 
disappointed,  if  the  traveller  follows  the  Pontoosuc  Turnpike 
through  this  defile.  Hills  and  precipices  of  every  shape  will 
crowd  upon  his  path,  now  approaching  so  as  so  form  a  narrow 
gorge,  and  now  gently  retiring  so  as  to  leave  room  enough  for  some 
industrious  fanner  to  erect  his  habitation,  and  gain  a  subsistence  in 
the  deeply  embosomed  glen.  In  passing  through  such  a  region, 
the  man  destitute  of  taste  will  be  heard  speaking  only  of  the 
roughness,  sterility,  and  gloominess  of  the  country;  while  the 
man  of  taste  and  sensibility  will  be  absorbed  in  admiring  its  beau- 
ties and  sublimities. 

Ravine  and  Gorge  of  Deerjield  River. 

Still  more  remarkable  is  the  gulf  through  which  Deerfield  river 
passes,  in  a  southeast  direction,  nearly  across  the  whole  of  the 
broad  mountain  range,  between  the  Connecticut  and  Williamstown 
valleys.  Perhaps  the  best  route  for  visiting  this  ravine,  is  to  take 
the  turnpike  read  from  Greenfield  to  Williamstown.  On  this 
route  the  traveller  will  not  come  upon  the  hanks  of  the  Deerfield, 
ontil  he  reaches  the  west  part  of  Shelburne  :  but  he  will  obtain  a 
most  delightful  view  of  Greenfield,  as  he  ascends  the  high  hills 
west  of  that  place  ;  and  as  to  the  defile,  through  which  Deerfield 
river  runs  between  Shelburne  and  Conway,  it  is  so  narrow,  and  the 
banks,  of  several  hundred  feet  in  height,  are  so  steep,  that  it  is 
difficult  even  on  foot  to  find  a  passage ;  though  full  of  romantic 
and  sublime  objects  to  the  man  who  has  the  strength  and  courage 
to  pass  through  it.  From  the  west  part  of  Shelburne,  however,  to 
the  foot  of  the  principal  ridge  of  Hoosic  mountain  in  Florida,  a 
good  road  leads  along  the  banks  of  the  stream  ;  though  in  a  few 
places  bard  pressed  between  the  hill  and  the  river.  In  one  spot 
it  is  actually  sustained  a  hundred  feet  above  the  river,  upon  piles 
driven  into  the  steep  and  naked  declivity  of  a  mountain  slide. 
But  through  nearly  the  whole  of  Charlemont,  the  hills  recede  so 
far  from  the  river,  as  to  form  an  alluvial  valley  of  considerable 
width  and  fertility.  The  loftiness  of  these  hills,  however,  and  the 
frequent  openings  of  lateral  ravines,  through  which  the  small  trib- 
utaries of  Deerfield  river  disembogue,  keep  the  attention  of  the 
tasteful  man  awake.  As  he  goes  westward,  these  hills  approach 
nearer  and  nearer  to  the  river,  become  holder  in  their  outlines, 
and  steeper  in  their  declivities,  till  at  length,  in  Zoar  and  Florida, 
tbey  shoot  up,  sometimes  a  thousand  feet  high,  in  a  variety  of 
spiry  and  fantastic  forms,  and  the  traveller,  as  he  looks  forward, 
can  often  see  no  opening  through  which  the  river  can  find  its  way. 
The  murmuring  of  its  waters,  however,  at  the  bottom  of  the  gulf, 
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sometimes  swelling  ioto  a  roar,  as  they  rush  through  some  narrow 
defile,  tell  him  that  they  have  found  a  passage.  At  length  the 
road  leaves  the  river,  and  ascends  the  ridge,  which  in  the  vicinity 
is  alone  denominated  Hoosic  Mountain,  and  which  is  here  1448 
feet  above  the  river.  It  is  well  to  follow  this  road  at  least  to  the 
height  of  a  thousand  feet,  in  order  to  look  back  upon  the  wild  and 
singular  grouping  of  mountains,  among  which  this  river  has  strange- 
ly found  a  passage ;  and  also  to  get  a  view  of  some  of  those  vast 
slopes  of  unbroken  forest,  which  the  sides  of  these  mountains  pre* 
sent ;  and  which  during  the  twilight,  are  most  splendid  objects. 

In  two  or  three  instances  it  has  happened  that  I  have  passed 
along  this  ravine  in  the  evening,  when  the  moon  was  well  above 
the  horizon  ;  and  I  can  truly  say,  that  the  wildness  and  sublimity 
of  the  scene  were  thereby  immensely  heightened  ;  so  that  1  felt  it 
to  be  a  privilege  to  be  thus  benighted. 

Near  the  mouth  of  Deerfield  River,  in  Deerfield,  is  a  remarka- 
ble gorge  through  which  that  stream  empties  into  the  Connecticut. 
A  greenstone  ridge  of  300  or  400  feet  in  height,  has  been  cut 
through  in  some  way  or  other,  in  width  only  sufficient  to  suffer  the 
river  to  pass.  This  pass  is  in  full  view  from  the  stage  road  be- 
tween Deerfield  and  Greenfield  where  it  crosses  Deerfield  river. 

Valley  of  Worcester. 

Apart  from  human  culture,  this  geographical  centre  of  Mas- 
sachusetts would  present  no  very  striking  attractions  to  the  lover 
of  natural  scenery.  But  this  valley  possesses  precisely  those  fea- 
tures whk^h  art  is  capable  of  rendering  extremely  fascinating. 
And  there  is  scarcely  to  be  met  with,  in  this  or  any  other  country, 
a  more  charming  landscape  than  Worcester  presents,  from  almost 
any  of  the  moderately  elevated  hills  that  surround  it.  The  high 
«tate  of  agriculture  in  every  part  of  the  valley,  and  the  fine  taste 
and  neatness  exhibited  in  ajl  the  buildings  of  this  flourishing  town, 
with  the  great  elegance  of  many  edifices,  and  the  intermingling  of 
so  many  and  fine  shade  and  fruit  trees,  spjread  over  the  prospect 
beauty  of  a  high  order,  on  which  the  eye  delights  to  linger.  I 
have  never  seen,  in  a  community  of  equal  extent,  so  few  marks  of 
poverty  and  human  degradation  as  in  this  valley.  And  it  is  this 
aspect  of  comfort  and  independence  among  all  classes,  that  en- 
hances greatly  the  pleasure  with  which  every  true  American  heart 
contemplates  this  scene  ;  since  it  must  be  considered  as  exhibiting 
the  happy  influence  of  our  free  institutions. 

Valley  of  the  Merrimack. 
The  scenery  along  this  river  is  characterized  by  beauty  rather 
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than  sublimity.  The  bills  and  moimttiDS  are  rarely  (treeipilms  or 
very  lofty :  but  generally  of  gentle  ascent  and  capable  of  oiiitiv»- 
tion  to  their  summits.  The  attraotbns  of  the  landscape  oonsist 
of  a  Boble  river,  beautiful  villages^  and  well  cultii^ated  fields  and 
meadows.  To  the  man  who  loves  to  see  natural  scenery  modified 
by  human  culture,  and  on  every  side  the  marks  of  an  intelligent 
and  happy  population,  with  manufaduriag  establisfameats  toood-* 
mooly  flourishing,  a  ride  down  this  stream  on  either  bank,  cannot 
but  be  highly  interesting.  And  when  he  approaches  the  oceani 
let  him  enter  Newbury  port  from  the  north,  across  the.chain. bridge, 
and  he  will  have  before  him  a  delightful  view  of  one  of  .the  nmsi 
beautiful  towns  in  New  England.  And  if  be  wishes  ,still  farther 
to  witness  the  riches  of  the  surrounding  scenery,  let  him  ascend 
the  tower  of  the  fifth  church  in  that  place,  and  -a  wide  scebet^f 
beauties  on  the  land  and  the  sea^*-«Batural  and  artificial-H«.fiUs  the 
cireleof  his  vision.  .  ]        .. 


Boston  Harbor.  ....    :..  ;. 

Let  no  man  imagine  that  he  has  seen  all  that  is  interesting  in  itbo 
scenery  of  Massachusetts,  until  be  has  madSean  ejocuraldn  >by  wanes 
in  the  barbor  of  Boston,  as  far  at  least  as  the  light -Hotlse.  A 
city  is  always  an  imposing  oli^t  when  seen  from  the  watery  ea* 
pecially,  if  like  Boston,  its  sfite  be  cpasiderably  uAe(|[Ual  andislopis 
towards  the  observer.  But  the  numeroos  islands  in  this^  harbor, 
some  of  them  exceedingly  picturesque  and  even  unique  in  appear^ 
ence,  cmistitute  no  smaJl  part  of 'the  attractions  of  this,  dejigbtful 
excursion. 

View  from  the  State  House, 

Upon  the  whde  there  is  not  a  more  magnificent  prospect  in 
Massachusetts,  than  that  from  the  dome  of  the  State  House  in 
Boston  ;  and  it  will  bear  a  comparison,  \t  is  said,  with  the  most 
celebrated  views  of  a  similar  kind  in  Europe.  This  n<Me  buiM^ 
mg  stands  upon  Beacon  Hill,  the  highest  spot  in  Boston ;  and  the 
lantern  upon  its  dome  is  about  300  feet  above  the  barbor.  '  From 
this  elevation  the  whole  of  Boston,  with  its  wharfs,  shipping,  and 
public  edifices;  all  the  islands  in  its  harbor;  the  shores  of  the 
barbor  lined  with  villages  and  cultivated  fields ;  and  witbm-  a  oirde 
of  ten  miles,  not  less  than  twenty  villages,  cbntaintog,  with  Bo8<> 
ton,  more  than  120,000  inhabitants,  are  here  surveyed  at  a 
glance.  Almost  every  dwelling  of  this  joumerous  population, 
is,  indeed,  visible  :  and  it  is  rare  to  see  in  a  circle*  of  so  small 
extent,  as  many  edifices  so  elegant;  and  so  few  that  indicate 
extreme  poverty  and  wretchedness.    So  licbly  cultivate^  is  th« 
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Tfctnity  of  BosCod,  thatit  has  the  appearance  of  a  vast  garden. 
Tet  we  do  not  see  here  the  traces  of  that  vandal  spirit/  wUch,  in 
so  maoy  parts  of  our  land,  is  making  sad  havoc  with  our  groves  and 
shade  trees ;  but  enough  have  been  spared  or  planted  in  this 
vicinitj  to  giTc  a  refreshing  and  luxuriant  aspect  to  the  scenery. 
The  political  and  moral  considerations  which  irresbtibly  force 
themselves  on  the  mind  when  contemplating  such  a  scene,  cannot 
fiul  greatlj  to  increase  the  pleasure  of  the  observer.  What  a 
drawback  upon  that  pleasure  must  it  be,  when  the  traveller  is  com- 
pelled to  say,  as  he  cannot  but  say,  when  gazing  on  a  large  pro- 
portion of  the  interesting  scenery  of  the  eastern  continent^ 

*Art,  glory,  freedom  £BdlB,  though  Nature  still  is  fair/ 

On  the  contrary,  bow  refreshing  to  the  benevolent  spirit,  as  it  sur- 
veys from  this  eminence  the  dwellings  of  190,000  homan  beings, 
to  be  assured  that  there  is  not  a  slave  among  them  all ;  and  that 
could  the  eye  take  in  every  part  of  the  commonwealth,  it  would 
read  on  every  door  post  the  inscription,  *  all  men  are  born  free  and 
eqnal;'  a  ntaxim  which  exerts  a  taltsmanic  influenoe  in 'defending 
the  feeblest  inmate  agabst  oppresskm.  Nor  should  the  observer 
forget,  that  this  same  maxim  forms  the  basis  of  every  law  originat- 
ing from  the  edifice. on  which  he  stands  ;  and  that  it  is  not  licen- 
tious liberty  that  is  here  enjoyed  ;  but  liberty  guarded  by  law,,  and 
sustained  by  law :  and  that  it  is  the  general  prevalence  of  knowU 
edge  and  virtue  in  the  community,  that  rl^nders  it  possible  to  sus- 
tain a  proper  balance  between  liberty  and  law.  Foreign  nations 
may  predict  that  our  beautiful  republican  system  will  be  epheoi- 
eiral.  It  will,  indeed,  pass  away,  whenever  unprincipled  ignorance 
shall  be  permitted  to  bear  sway.  But  so  long  as  intelligence  and 
moral  principle  predominate  in  the  comnwinity,  the  ark  of  lil)prty 
ia  safe.  At  any  rate,  it  is  certain  that  we  do  now  enjoy  the  bles- 
sings of  freedom,  and  tbe  means,  widely  diffijsed,  of  intellectual, 
mciral,  and  religious  cultivation.  As  a  consequence,  cootentmentj 
compe.tence>  and  happiness,  are  found  even  among  the  lowest  class- 
es  in  the  community.  Tbe  traveller  of  a  benevolent  heart  will 
rejoice  to  see,  as  he  wanders  over  the  h31s  and  valleys  of  our 
commonwealth,  how  very  few  in  the  community  have  not  all  the 
essential  means  of  human  happiness  within  their  reach.  He  need 
not  fear  being  detained  for  days  in  the  wildest  and  most  secluded 
parts  of  the  State.  For  scarcely  will  he  find  the  hut»  where  if 
really  needing  shelter,  he  will  not  find  a  welcome,  and  all  that  a 
temperate  man  needs  to  make  him  comfortable.  A  roan  who  has 
fireqiientty  been  thrown  into  such  situations^  or  in  other  words,  has 
had  opportunity  to  learn  the  character  and  cucumstances  of  the 


Digitized  by  CjOOQ IC 


N^ikmu.  103 

lowest  as  well  as  the  Ingbest  Glasses  in  our  ooramunityi  will  find 
bis  pleasure  greatly #beigbtened  in  surveying  our  scenery.  Let  ua 
hope  that  succeeding  trarellers,  through  many  generations,  may 
not  be  depxived  of  this  same  happiness;  and  instead  of  indulging 
in  gloomy  predictions  of  the  downfall  of  liberty,  let  every  man 
strive  to  form  and  retain  that  intellectual,  moral,  and  religious  chaj> 
acter,  which  b  its  only  eSdctual  support. 

But  I  fear  that  I  am  wandering  beyond  my  appropriate  sphere, 
by  these  Femarks.  I  proceed  to  notice  some  other  objects  worthy 
the  attention  of  ihe  man  of  leisure  and  taste. 

New  Bedford  seen  from  its  Harbor. 

This  flourishing  place,  alr^dy  wearing  the  aspect  of  a  populous 
city,  is  seen  to  great  advantage  in  sailing  up  its  harbor.  As  the 
ground  on  which  it  is  built  slopes  towards  the  water,  the  various 
objects  of  interest  are  thus  brought  into  view,  rising  above  ooe 
another  in  a  distinct  and  pleasing  manner. 

Narraganset  and  Mount  Hope  Bays, 

An  excursion  from  Taunton  to  Newport,  Rhode  Island,  down 
Taunton  river,  and  Mount  Hope  Bay,  and  especially  from  Provi- 
dence to  Newport  along  Narraganset  Bay,  conducts .  the  traveller 
among  scenery  of  great  beauty  and  loveliness.  The  fertility  of 
most  of  the  country,  the  neat  villages  along  the  way,  the  numer* 
ous  irregqlar  contractions  and  expansions  of  these  bays,  forming 
capes,  isthmuses,  promontories,  bays  and  harbors,  in  miniature; 
the  islands  that  are  occasionaliy  interspersed,  and  the  interesting 
historical  associations  connected  with  that  region,  conspire  to  keep 
the  attention  alive  and  to  gratify  the  taste*  Mount  Hope,  the 
granite  watch  tower  of  the  celebrated  sachem  Phillip,  still  com** 
maods  a  6ne  prospect  of  the  surrounding  region  ;  and  we  sise  at 
once  why  that  sagiacbus  chieftain  selected  thu  place  for  his  n* 
treat. 

The  north  and  south  shores  of  Massachusetts  Bay  present  much 
scenery  of  such  a  sui  generis  or  peculiar  character,  as  to  render 
it  ejttremely  interesting  to  one  accustomed  to  iL  As  a  general 
fact,  there  is  so  great  a  contrast  in  the  appearance  of  the  two  capes 
that  form  this  Bay,  that  a  visit  to  the  one,  only  prepares  the  way 
for  tendering  more  interesting  an  excursion  to  the  other.  We  will 
suppose  the  traveller  to  start  from  Boston  and  first  proceed  along 
the  north  shore  of  the  Bay. 

Nahant, 
He  will  not  fail  to  visit  Nahant;  which  will  be  the  first  place  of 
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fMcuHtr  interest  be  will  meet  with  along  this  coast.  It  is  a  bold 
rocky  promontory;  connected  by  a  low  sandy « neck  of  land  with 
Lynn:  or  rather,  it  consists  of  two  islands  connected  together, 
and  With  the  main  land,  by  ridges  of  sand  and  pebbles.  At  low 
wMer,  a  perfectly  smooth  beach  of  the  finest  sand  is  laid  bare, 
which  constitutes  the  road  from  the  mainland ;  and  this  sand  is  so 
firmly  compacted  by  the  perpetual  beating  of  the  waves  of  the 
Atlantic,  that  neither  horse  nor  carriage  make  scarcely  a  perceptible 
ifnipression.  Hence  the  ride  becomes  a  delightfcl  one ;  and  although 
the  promontory  itself  has  a  very  barren  and  desolate  appearance, 
yet  the  singularity  of  thesurrounding  scenery,  the  neatness  of  the 
bouses,  built  in  a  peculiar  style,  and  the  wide  extent  of  the  horizon, 
conspire,  to  render  the  prospect  during  the  summer  of  a  most  at- 
tractive character.  It  is  a  place  of  great  resort  in  the  warmer 
months,  and  a  steamboat  plies  daily. between  this  place  ami  Bos- 
ton. The  vicinity  of  the  spacious  hotel  at  Nahant  is  very  interest- 
ing to  the  geologist :  but  the  particular  characteristics  of  the  rocks 
must  be  deferred  to  a  subsequent  part  of  this  Report. 

Cape  Ann* 

-  I  have  already  spoken  of  the  rockiness  of  the  coast  in  the  vicin- 
ity of  Salenf).  As  we  proceed  towards  Gloucester,  which  occupies 
kil  of  what  is  properly  called  Cape  Ann,  the  ledges  multiply  ;  and 
on  the  Cape  the  forests  are  mostly  cut  down,  while  the  ^rface  is 
almost  literally  covered,  either  with  rooks  in  place,  or  with  bowl- 
ders of  every  size.  In  the  noithwestem  part  of.  Gloucester  partfc- 
lularly^,  the  soil  is  almost  wholly  concealed  by  the  countless  number 
of  these  roqnded  masses.  Over  nearly  all  the  Cape,  indeed,  sien- 
iteof  every  description  meets  the  eye  in  immense  quantities;  and 
the  traveller  naturally  enquires  whither  the  soil  has  been  carried, 
which  must  onoe  have  covered  the  rocks ;  and  what  mighty  flood  of 
waters  could  have  swept  over  this  region  with  the  fury  requisite  to 
produce  such  devastation.  Scenery  of  this  kind,  would  be  regarded 
as  extremely. dreary,  were  not  the  desolation  carried  to  such  an 
extent  as^  to  be  interesting  by  its  novelty.  It  is  scarcely  possible 
for  <aigr  man^  however  little  interested  in  ihebiMtre  of  natural 
soenery,  to  traverse  this  region  for  the  first  time,  without  having 
bis  attention  foi^ibiy  and  constaritly  directed-  to  the  landscape 
krouad^him.  And  hence  this  must  be  one  of  the  best  excnrsions 
for  those  afflicted,  whh  ennui,  that  can  be  found.  More  extensive, 
however,  and  in  general,  finely  contrasted  with  the  scenery  of  Cape 
Ann,  is  that  along  the  south  side  of  the  Bay. 
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NantasJcet  Beach  and  HuU, 

Supposing  the  traTeller  to  start  as  before,  from  Boston,  tbe  long 
end  narrow  neck  of  land  connecting  the  settlement  of  Hull  ,witb 
the  mainland  mystoot  be  passed  un  visited.  To  say  nothing  of  the 
rocks,  which  at  the  head  of  this  beach  constitute  almost  the  entire 
surface,  rivaling  even  Cape  Aon  in  this  respect,  and  which  on  the 
shore  present  a  ren^arkable  and  elegant  variety  of  colors,  tbe  beach 
itself,  not  less  than  four  or  five  miles  in  extent,  is  much  moreint^r'* 
esting  than  that  leading  to  Nabant.  Tbe  Light  House  and  the 
Brewster  and  other  islands  in  view,  as  one  advances  toward  Hull, 
are  picturesque  objects ;  and  then  the  pleasant  and  sunny  situation 
of  the  little  village  of  Hull,  furnishes  i^.convenient  resting  place 
for  tbe  traveller. 

Id  proceeding  fropfi  this  beach  to  Cape  Cod.  tbe  traveller  should 
not  fail  to  pass  along  tbe  north  shore  of  Coliasset — the  most  rocky 
place  perhaps  in  the  Commonwealth. 

Cape  Cod, 

But  after  passing  Duxbury,  tbe. region  of  sand  and  gravel  com* 
menoes ;  and  to  ProVincetown,  tbe  extremity  of  Cape  Cod,  no 
genuine  ledge  of  rocks  appears ;  ^Itbpugh  bowlders  of  every  size, 
over  tbe  greater  part  of  the  distance^  are  comjooon. 

The  dunes  or  sand  hills,  which  are  often  nearly  or  quite  barrea 
of  v^etation,  and  of  snowy  whiteness,  forcibly  attract  the  attention 
on  account  of  their  peculiarity :  while  the  numerous  windmills  and 
vats  along  the  shore,  for.the  manufacture  of  salt,  alee  scarcely  less 
interesting  to  one  not. familiar  with  such  proce9ses...  As  we  ap- 
proach the  extremity  of  tbe  Capje,  the  safikd  and  the  barrenness 
increase ;  and  in  not  ^  fewplaces,  it  would  neied  only  a  party  of  Be- 
douin Arabs  to  cross  the  traveller's  path  to  make  him  feel  that  be 
was  in  the  depths  of  an  Arabian  or  Lybian  desert. .  Very  diflferent 
irom  Bedouins,  however,  will  be  find  tbe  popiUation  of  Cape  Cod. 
In  the  midst  of  the  sands  he  ^ill  find  many  an  oasis,  where  com- 
fortable and  not  unfrequently  pleasant  villages  have  sprung  up^Jn- 
babited  by  a  people  of  mild  and  obliging  dispo8itioq,and  not  defir 
cient  in  intelligence.  A  large  proportion  of  tbe  houses  on  the 
Cape  are,  indeed,  but  one  storybi^h.  Yet  they,  sfre  for  the  mo9t 
part  convenient  and  comfortable ;  exhibiting  tbe  marks  of  a  thrift 
and  ind^endence  wbk^h  one  would  not  expect,  when  be  considers 
era]  the  general  barrenness  of  the  land9capew  I  could  name  sev- 
parts  of  Massachusetts,  where  the  noarks  of  poverty  are  far  more 
striking  than  on  Cape  Cod. 

Tbe  sand  is  so  yielding  that  the  traveller  will  .find  it  more  eon- 
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venient  to  leave  his  carriage  90  or  30  miles  short  of  the  extremity 
of  the  Cape,  and  proceed  on  horseback :  though  it  is  practicable 
to  proceed  with  wheels.  But  for  seven  or  eight  miles  before  reach- 
ing Provincetown^  he  must  find  his  way  almost  without  a  tract 
along  the  margin  of  a  salt  marsh  during  ebb  tide.  During  flood 
tide,  be  will  be  forced  to  wade  through  the  loose  and  deep  sand 
higher  up  the  beach.  The  view  of  Provincetown  along  this  course, 
is  so  peculiar,  that  tbe  traveller  feels  himself  amply  repaid  for  bis 
labor.  A  semicircular  bay  is  enclosed  on  the  north  and  east  by  a 
sandy  beach  and  low  sand  hills  almost  destitute  of  vegetation, 
which  seem  to  threaten,  and  do  in  fact  threaten,  to  bury  the  village, 
and  to  fill  the  harbor.  Tbe  bouses,  for  k  population  not  much 
short  of  2000,  are  erected  on  the  margin  of  this  bay,  just  above 
the  reach  of  the  tide,  and  at  the  foot  of  the  sand  hills.  These 
dwellings  are  almost  as  destitute  of  order  in  their  position,  as  it  is 
possible  they  should  be :  such  a  thing  as  a  regular  street,  wide 
enough  for  carriages  to  pass,  being  scarcely  to  be  found  here  ;  and 
why  indeed,  should  they  be,  where  travelling  in  a  carriage,  would 
be  slower  than  on  foot,  and  where  but  very  little  fodder  can  be  ob- 
tained, except  by  transportation,  for  horses.  But  the  most  singular 
object  in  this  place,  is  the  numerous  windmills  erected  between 
the  dwellings  and  the  harbor,  for  pumping  up  the  water  into  reser- 
voirs for  evaporation.  When  set  in  brisk  motion  by  the  wind,  stand- 
iDg  as  they  do  between  tbe  traveller  and  tbe  dwellings, as  becomes 
from  tbe  south,  they  give  to  the  village  a  roost  singular  aspect.  In 
short,  a  visit  to  Provincetown  by  lajod,  would  probably  in  most  cases, 
be  quite  as  efibctual  a  remedy  for  ennui  and  other  fashionable  com- 
plaints, as  a  resort  to  Ballston  and  Saratoga. 

In  crossing  the  sai^  of  the  Cape,  I  noticed  a  singular  mirage 
or  deception,  which  was  also  observed  by  my  travelling  companions. 
In  Orleans  for  instance,  where  the  ocean  is  within  a  short  distance 
OD  either  band,  we  seemed  to  be  ascending  at  an  angle  of  three 
or  ibur  degrees;  nor  was  I  convinced  that  such  was  not  the  case 
until  turning  about  I  perceived  that  a  similar  ascent  appeared  in 
the  road  just  passed  over.  I  shall  not  attempt  to  explain  this  opti- 
cal deception  :  but  merely  remark,  that  it  is  probably  of  the  sanie 
kind,  as  that  observed  by  Humboldt,  on  the  Pampas  of  Venezuela ; 
<  all  around  us,'  says  he, '  the  plains  seemed  to  ascend  towards  the 
sky.' 

In  crossing  the  island  of  Nantucket,  in  company  with  Dr.  Swift 
of  that  place,  T  noticed  the  same  phenomenon,  though  there  less 
striking.  Afterwards,  I  saw  it  for  miles  on  the  plain  in  the  south* 
eastern  part  of  Martha's  Vinyard.  In  the  latter  case,  the  plain 
was  covered  with  low  shrub  oaks. 
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NontiicTcti  and  Marthd*$  Vineyard. 

If  the  traveller  wishes  to  enJQy  more  of  the  peculiar  scenery  of 
Cape  Cody  with  some  interesting  variations,  let  him  pass  over  to 
I^Dtucket  and  Martha's  Vineyard.  The  former  island  he  will 
find  10  be  an  extended  plain^  15  miles  in  its  longest  direction,  and 
but  slightly  elevated  above  the  ocean  ;  containing  not  one  tree,  nor 
a  shrub  of  much  size,  except  in  the  immediate  vicinity  of  the  vil- 
lage. Scarcely  a  dwelling  will  meet  his  eye,  except  a  few  unin- 
habited huts,  scattered  along  the  desolate  shore,  as  a  refuge  to  the 
shipwrecked  sailor.  Yet  from  12000  to  14000  sheep,  and  500 
cows  find  nourishment  on  this  island ;  and  in  not  a  few  places,  es- 
pecially in  the  immediate  vicinity  of  the  town,  may  be  seen  tracts 
of  land  of  superior  fertility.  It  will  strike  the  traveller  at  once,  as 
an  interesting  monument  of  industry,  that  nearly  every  part  of  the 
dwellings,  stores,  S^c,  for  the  accommodation  of  more  than  7000 
inhabitants,  must  have  been  transported  from  the  Continent.  And 
on  acquainUQce,  he  will  find  that  they  still  retain  the  characteris- 
tics of  industry  and  hospitality,  for  which  they  have  long  been 
known ;  and  that  the  usual  concomitants  of  these  virtues,  general 
intelligeace  and  strong  local  attachments,  are  not  wanting. 

Gay  Utad. 

The  most  interesting  spot  on  Martha's  Vineyard  is  Gay  Head ; 
which  constitutes  the  western  extremity  of  this  island,  and  consists 
of  clays  and  sands  of  various  colors.  Its  height  cannot  be  more 
than  150  feet;  yet  its  variegated  aspect,  and  the  richness  of  its 
colors,  render  it  a  striking  and  even  splendid  object,  when  seen 
from  the  ocean.  The  clays  are  rec^  blue  and  white;  the  sands, 
white  and  yellow  ;  and  the  lignite,  black ;  and  each  of  these  sub- 
stances is  abundant  enough  to  be  seen  several  miles  distant,  arrang- 
ed in  general  in  inclined  strata;  though  from  being  unequally  worn 
away,  apparently  mixed  without  much  order.  The  top  of  the 
cliff  is  crowned  by  a  light  house,  which  commands  an  extensive 
prospect.  Scarcely  a  tree  is  to  be  seen  on  this  part  of  the  island. 
It  b  owned  and  inhabited  by  the  descendants  of  the  Indian  tribes, 
that  once  possessed  the  whole  island.  It  will  be  seen  in  the  sub- 
sequent part  of  my  Report,  that  this  spot  possesses  peculiar  at- 
tractions for  the  geologist  and  mineralogist.  During  my  last  visit  to 
the  spot,  three  days  were  fuUy  occupied  in  interesting  researches. 

WATER  FALLS. 

We  have  one  or  two  water  falls  in  Massachusetts  of  sufBcient 
magpitude  to  be  denominated  cataracts.  And  as  we  might  expect 
in  a  mountainous  region,  cascades  are  numerous* 
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These  exist  in  Connecticut  river,  near  the  point  where  the 
towns  of  Montague,  Gili,  and  Greenfield,  meet.  They  are  by  far 
the  most  interesting  water  fall  in  the  State;  and  I  think  1  may 
safely  say  in  New  England.  At  least,  to  my  taste,  the  much 
broader  sheet  of  water,  the  higher  perpendicular  descent,  and  the 
equally  romantic  scenery  of  the  surrounding  country,  give  to  this 
cataract  a  much  higher  interest,  than  is  excited  by  a  view  of  the 
more  celebrated  Bello^y's  Falls  on  the  same  river,  in  Walpole,  Ne\<^ 
Hampshire:  and  probably  the  lattei^  are  genferally  regarded  as  the 
most  striking  object  of  this  kiiid  in  New  England.    . 

Above  Turner's  Falls  the  Connecticut  for  abotit  three  miles, 
pursues  a  6ourse  nearly  northwiest,  through  a  region  scarcely  yet 
disturbed  by  cultivation;  and  all  this  distance  it  is  as  placid  as  a 
mountain  lake,  even  to  the  verge  of  the  cataract.  Here  an  artifi- 
cial dam  has  been  erected  more  than  a  thousand  feet  long,  resting 
near  the  centre  upon  two  snmll  islands.  Ov^r.this  dam  the  water 
leaps  more  than  30  feet  perpendicularly ;  and  for  half  a  mile  {con- 
tinues descending  rapidly  and  foaming  along  its  course.  One.  hun- 
dred rod^  below  the  falls,  the  stream  strikes  directly  against  a 
lofty  greenstone  ridge,  by  which  it  is  compelled  to  change  its  course 
towards  tbe  south  .at  least  a  quarter  of  a  circle. 

The  proper  point  for  viewing  Turner's  Falls,  is  from  the  road 
leading  to.  Greenfield  on  tbe  north  shore>  perhaps  50  rods  below 
the  cataract.  Here,  from  elevated  ground,  you.  have  directly  be- 
fore you,  the  principal  fall,  intersected  near  the  centre  by  two  small 
rocky  islands,  which  are  crowned  by  trees  and  brushwood.  Tbe 
observer  perceives  at  once  that^iagara  is  before  him  in  miniature. 
These  islands  may  be  reached  by  a  canoe  from  above  the  falls  in 
perfect  safety.  Fifty  rods  below  the  cataract,  a  third  most  roman- 
tic little  island  lifts  its  evergreen  head,  an  image  of  peace  aud  secu- 
rity, in  the  midst  of  the  agitated  and  foaming  waters,  swiftly  gli- 
ding by.  The  placid  aspect  of  the  waters  above  the  fall,  calmly 
emerging  from  the  moderately  elevated  and  wooded  hills  at  a  dis- 
tance, is  finely  contrasted  with  its  foam  and  tumult  below  the  cat- 
aract. 

.  The  country  around  these  falls  is  but  little  cultivated.  On  the 
opposite  side  of  the  river  the  observer  will,  indeed,  perceive  a  few 
dwellings  and  the  head  of  a  canal:  But  ai  little  beyond,  wooded 
elevations,  chiefly  covered  with  evei^reens,  terminate  the  landscape ; 
while  in  every  other  direction,  the  scenery  is  still  more  wild  and 
unreclaimed  from  a  state  of  nature. 

A  sailing  excursion  from  the  falls,  three  miles  up  the  stream,  has 
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all  the  attractions  of  a  passage  over  a  mountaio  lake,  and  proba- 
bly the  coves  along  the  shore  furnish  as  good  spots  for  fishing  as 
DOW  exist  in  the  river.  The  geologist  too,  will  find  the  vicinity  of 
these  falls  full  of  interest — but  of  this,  more  hereafter. 

Three  miles  above  Turner's  Falls,  Miller's  river  empties  into 
the  Connecticut;  ^and  near  its  mouth  is  a  fall  of  considerable 
height.  Here  also  is  a- dam  across  the  Connecticut,  about  ten 
feet  high.  I  apprehend  these  falls  have  been  confounded  with  Tur- 
ner's ;  and  hence  the  latter  are  sometimes  called  Miller's  Falls. 
They  cannot,  however,  be  said  to  have  as  yet  any  well  established 
name.  For  a  re'ason  which  will  be  mentioned  below,  I  ventured 
some  eight  or  ten  years  since,  in  a  geological  account  which  I  pub- 
lished of  the  Connecticut  valley,  to  denominate  these  falls,  Tw" 
ner's  Falls;  and  Gen.  Hoyt,  in  his  History  of  the  Indian  Wars, 
has  given  them  the  same  designation.  I  aoi  aware,  however,  how 
very  difficult  it  is  to  make  popular  and  prevalent,  a  new  name  for 
any  natural  object ;  although  in  the  present  case,  I  doubt  not,  that 
every  man  acquainted  with  the  history  of  this  spot,  would  say  that 
to  prefix  the  name  of  Capt.  Turner  to  this  cataract,  is  appropri- 
ate and  just. 

About  160  years  ago,  a  party  of  Philip's  Indians,  having  joined 
those  living  in  the  vicinity,  resorted  to  these  falls  to  take  fish. 
On  the  17th  of  May,  Capt.  Turner,  from  Boston,  marched  from 
Hatfield,  with  150  men,  and  came  by  surprise  upon  the  Indiaq 
camp  the  next  morning  at  day  light.  The  Indians  being  totally 
unprepared  for  an  attack,  fled  in  every  direction  ;  some  springing 
into  their  canoes  without  paddles,  were  precipitated  over  the  falls 
and  dashed  in  pieces.  Three  hundred  Indians,  and  but  one  white 
man,  were  killed.  Tet  the  Indians  who  escaped,  being  joined  by 
others,  fell  upon  Turner's  party  as  they  were  returning,  and  made 
a  dreadful  slaughter  among  them  ;  killing  thirty  seven,  among 
whom  was  Capt.  Turner.  Will  not  the  public  do  the  justice  to 
this  brave  but  unfortunate  ofiicer,  to  send  down  his  name  to  pos- 
terity, associated  with  that  of  the  spot  where  he  conquered  and 
from  fell ! 

During  high  water,  the  roar  of  Turner's  Falls  may  be  heard 
six  to  ten  miles.  The  magnificence  of  the  cataract  is  greatly  height- 
ened at  such  a  season. 

In  order  to  visit  Turner's  Falls,  one  must  turn  aside  from  every 
great  public  road  ;  and  although  but  four  miles  from  the  village  of 
Greenfield,  this  circumstance  shows  why  they  are  so  seldom  re* 
sorted  to  by  travellers.     (See  Plate  IX.) 

13 
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Falls  at  South  Hadley. 

The  descent  of  the  water  here  being  but  a  few  feet,  these  falls  do 
not  in  themselves  possess  any  great  interest ;  and  yet,  as  one  of  the 
objects  in  the  beautiful  landscape  which  has  already  been  described 
as  existing  at  this  place,  their  absence  would  be  sensibly  felt  by 
the  man  of  taste.  (Plate  VI.) 

SheUmme  Falls. 

These  occur  in  Deerfield  river  where  it  enters  the  narrowest 
part  of  that  deep  ravine  in  the  primary  strata,  betwen  Shelburae 
and  Conway,  which  has  been  already  described.  As  a  mere 
object  of  scenery  they  are  not  so  striking  as  Turner's  Falls ; 
though  they  exhibit  not  a  little  of  wildness  and  sublimity ;  and 
they  are  especially  worth  a  visit  from  the  geologist,  as  affording  a 
good  exhibition  of  thQ  effects  of  a  mountain  torrent  upon  the  hard- 
est of  rocks. 

Spicket  Falls. 

Spicket  river  is  a  tributary  of  the  Merrimack,  and  a  few  miles 
above  its  mouth  in  Methuen,  it  falls  30  feet.  These  ialls  are  in 
the  midst  of  a  flourishing  manufacturing  village,  and  are  a  beautiful 
object,  well  worthy  the  attention  and  the  pencil  of  the  man  of 
taste. 

FaUs  in  Fall  Riuer. 

Thede  are  most  interesting  on  account  of  the  economical  purpos- 
es to  which  the  waters  are  applied :  keeping  in  motion,  as  they  do, 
all  the  machinery  of  a  large  and  flourishing  manufacturing  village 
in  Troy.  Still,  a  stream  of  any  size  cannot  fall  100  feet  in  the 
course  of  a  few  rods,  without  presenting  natural  scenery  of  some 
interest. 

PawtucJcet  Falls. 

These  occur  in  the  Merrimack,  between  Lowell  and  Dracut ; 
and  their  romantic  appearance  is  heightened  by  the  bridge  erected 
at  their  head. 

Tlie  Gorge,  Alias,  the  Olen. 

In  the  south  part  of  Leyden,  a  large  brook  has  worn  a  passage 
from  10  to  20  feet  wide,  and  from  30  to  50  feet  deep,  in  the  strata 
of  argillo-micaceous  slate.  The  layers  of  the  slate  are  nearly 
perpendicular,  and  it  is  traversed  by  numerous  cross  seams,  into 
which  the  water  penetrates,  and  in  winter  freezes,  expands,  and 
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thus  assists  in  removing  mass  after  mass  of  the  rock  from  its  p]ace« 
A  slight  inspection  of  the  place  will  show  that  such  was  the  mode 
of  its  formation ;  although  one  cannot  but  perceive  that  a  great 
length  of  time  was  requisite  for  the  whole  process.  There  is  not 
the  slightest  appearance  of  any  convulsion  at  this  place,  since  the 
original  elevation  of  the  strata.  The  correspondence  between  the 
salient  and  reentering  angles  on  opposite  sides  of  this  stream,  is  no 
greater  than  exists  in  everj  stream  ;  and  all  the  appearances  at  the 
place  forbid  the  supposition  often  made  that  these  sides  have  been 
separated  from  each  other.  The  length  of  this  gorge  is  from  30 
to  40  rods.  Above  is  a  deep  glen ;  and  below,  the  stream  passes 
through  a  deep  ravine.  Two  water  falls  near  the  lower  part  of 
the  gorge  add  much  to  the  interest  of  this  spot.  And  although 
the  geological  chronometer  here  exhibited,  is  to  the  reflecting  mind, 
its  greatest  attraction ;  yet  the  wildness  and  ruggedness  of  the 
scenery  draw  not  a  few  visitors.  The  term  ^  glen,'  usually  applied 
to  this  spot,  is  certainly  a  misnomer. '  For  it  is  a  gorge  connecting 
a  glen  with  a  ravine.  ' 

Cascade  in  Leverett 

I  h^e  recently  ascertained  the  existence  of  an  interesting  water 
fall  on  the  northeast  side  of  Mount  Toby,  in  Leverett.  The  con- 
glomerate rock  of  that  mountain  has  been  subject  to  powerful  abra- 
sion in  early  times;  and  being  divisible  into  masses  of  great  thick- 
ness, by  fissures  nearly  perpendicular  to  the  horizon,  the  sides  of 
the  mountain  frequently  present  perpendicular  walls  of  solid  rock, 
and  sometimes  a  succession  of  precipices  in  the  form  of  vast  steps; 
while  the  huge  fragments  that  have  fallen  down,  lie  scattered  along 
the  base.  Such  is  the  case  at  the  spot  above  referred  to;  where 
a  large  brook,  called  ^roaring  brook,'  comes  tumbling  down  by  a 
few  successive  leaps  from  the  height  of  200  or  300  feet.  The 
waters  have  worn  deep  chasms  in  the  rocks,  and  the  scenery  around 
b  of  the  wildest  and  most  romantic  character.  Every  thing  there 
— the  lofty  forests — ^the  overhanging  precipices — and  the  accumu- 
lated rocky  masses  below — remain  unmodified  by  the  hand  of  man 
just  as  the  mighty  agencies  of  nature  have  left  them. 

Cascade  J  Natural  Bridge^  andFissure^  on  Hudson's  Brook. 

The  present  falls  on  this  rivulet,  which  run  through  the  north 
part  of  Adams,  are  of  far  less  interest  than  the  deep  chasm  which 
its  waters  have  excavated  in  the  white  limestone.  This  limestone 
terminates  on  the  south  in  a  high  precipice,  over  which  the  stream 
once  fell.  But  it  has  worn  a  fissure  from  30  to  60  feet  deep,  and 
30  rods  long,  in  this  limestone,  and  left  two  masses  of  rock  connect- 
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iDg  the  sides  and  forming  natural  bridges ;  though  the  tipper  oue  is 
much  broken.  The  lower  one  is  arched,  and  the  stream  at  present 
runs  50  feet  below  it.  The  medium  width  of  the  stream  is  15 
feet. 

Canaan  FalU, 

These  are  just  within  the  boundaries  of  Connecticut,  on  the 
Housatonic.  The  water  takes  two  leaps  within  a  short  distance  ; 
the  upper  one  of  20  feet,  and  the  lower  one  of  70.  It  then  foams 
and  dashes  a  short  distance  and  takes  a  third  leap  of  about  ten  feet. 
The  e%ct  of  the  whole  scene  is  imposing. 


CAVERNS  AND  FISSURES. 

Southampton  Adit. 

I  have  alluded  in  the  first  part  of  mj  Report,  to  this  artificial  ex- 
cavation, 900  feet  in  length,  at  the  lead  mine  in  Southamptou.  It 
is  a  perforation  mostly  in  solid  rock,  large  enough  to  admit  a  boat 
with  several  persons ;  and  in  this  manner  might  be  entered  with 
perfect  safety.  Being  unique  in  this  part  of  the  country,  it  had 
become  a  place  of  considerable  resort  by  gentlemen  and  ladies  dur> 
ing  the  summer  months.  At.  present  the  entrance  is  blocked  up  ; 
but  it  is  to  be  hoped  that  ere  long  the  working  of  this  adit  will  be 
resumed,  and  an  opportunity  again  afforded  for  so  fine  a  subterra- 
nean excursion. 

Sunderland  Cane^  and  Fissure. 

The  following  section  will,  I  apprehend,  render  intelligible,  not 
tnerely  the  form  and  situation  of  this  cave  and  fissure,  but  also  the 
mode  of  their  production.  They  occur  in  a  conglomerate  rock  of 
the  new  red  sandstone,  on  the  northwest  side  of  Mount  Toby,  in 
the  north  part  of  Sunderland.  The  conglomerate  strata  are  sev- 
eral feet  thick ;  and  immediately  beneath  this  rock  lies  a  slaty  mi- 
caceous sandstone,  which  is  very  subject  to  disintegration  ;  as  may 
be  seen  a  little  north  of  the  cave,  where  the  conglomerate  projects 
several  feet  beyond  the  slate,  whose  ruins  are  scattered  around. 
The  spot  is  perhaps  300  or  400  feet  above  Connecticut  river : 
yet  there  is  the  most  conclusive  proof  in  all  the  region  around, 
that  water  once  acted  powerfully,  and  probably'  for  a  long  period, 
at  various  elevations  on  the  sides  of  this  mountain :  and  not  im- 
|)robably  this  aqueous  agency  assisted  in  undermining  the  conglom- 
emte  rock  by  wearing  away  the  sandstone. 
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At  A,  and  By  the  rock  is  but  slightly  removed  from  it  original  po- 
sition ;  but  in  the  space  between  these  points,  the  slate  appears  to 
have  been  worn  away  so  as  to  cause  the  whole  conglomerate  stra- 
tum, which  is  from  50  to  60  feet  thick,  and  consequently  of  im- 
mense weight,  to  fall  down,  producing  the  fissure  a,  and  the  cavern 
ft.  The  fissure  is  nine  feet  wide  at  the  top,  and  open  to  d,  40  feet ; 
below  which  it  is  filled  with  rubbish.  The  cavern  is  wider  than 
this  in  some  parts,  though  very  irregular  in  this  respect  Its  bottom 
also  b  rendered  quite  uneven  by  the  large  masses  of  rock  that 
have  tumbled  down.  In  the  deepest  spot,  (56  feet)  the  rocks  are 
separated  to  the  surface,  so  as  to  let  in  the  light  from  above.  The 
whole  length  of  the  cavern  is  148  feet.  Its  general  direction  b  near- 
ly east  and  west.  But  towards  its  eastern  part  it  turns  almost  at  right 
angles  to  the  left,  in  consequence  of  the  rock  a,  having  been  brok- 
en in  a  north  and  south  direction  from  the  mass  of  the  mountain. 

Some  who  visit  this  spot  are  disposed  to  call  in  the  aid  of  a  con- 
vulsion like  an  earthquake  to  explain  the  huge  fractures  there 
exhibited.  But  after  seeing  so  many  other  marks  of  the  powerful 
action  of  atmospheric  and  aqueous  agents  on  this  mountain,  I  can- 
not but  believe  the  cause  I  have  assigned  to  be  sufficient.  The 
place  is  well  worth  visiting  by  all  who  have  not  examined  other 
caverns  and  fissures  extensively. 

On  the  opposite  side  of  Mount  Toby,  a  little  south  of  the  cas- 
cade that  has  been  described,  one  or  two  other  caves  occur,  more 
irregular  but  less  extensive  than  this.     They  have  been  produced 
by  the  enormous  masses  of  the  mountain  that  have  been  here, 
mixed  peUmell  together. 

Cavtmt  in  Berkshire. 

These  all  occur  in  limestone;  and  are  so  similar,  that  it  is  hardly 
necessary  to  describe  them  separately.  Two  exist  in  the  south 
part  of  New  Marlborough,  containing  several  apartments  and  some 
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stalactites.  1  n  West  Stockbridge  is  a  small  one.  In  Lanesborough 
is  one  100  feet  long,  narrow  and  irregular,  produced  probably  by  a 
subterranean  stream.  In  Adams,  a  mile  south  of  the  north  village, 
on  the  Cheshire  road,  is  a  cavern  of  considerable  interest ;  con- 
taining several  apartments  ;  the  largest  of  which  is  30  feet  long, 
20  feet  wide,  and  20  feet  high.  A  similar  cave  may  be  seen  in 
Bennington,  Vt.  And  although  these  (caverns  will  not  compare  in 
extent  with  those  in  our  western  states,  yet  they  will  afibrd  not  a 
little  gratification,  to  those  not  familiar  with  subterranean  excursions. 

Purgatories. 

I  know  not  what  fancied  resemblances  have  applied  this  whimsical 
name  to  several  extensive  fissures  in  the  rocks  of  New  England. 
The  most  remarkable  case  of  this  kind  is  in  Sutton,  three  and  a 
half  miles  south  east  of  the  congregational  meeting  house.  It  is  a 
fissure  in  gneiss,  nearly  half  a  mile  long,  in  most  parts  partially 
filled  by  the  masses  of  rock  that  have  been  detached  from  the  walls. 
The  sides  are  often  perpendicular,  and  sometimes  70  feet  high  ; 
being  separated  from  each  other  about  50  feet. 

This  is  an  immense  chasm :  and  I  confess  myself  at  a  loss  to 
explain  its  origin.  It  is  natural  to  suppose  that  its  sides  have  been 
in  some  manner  separated  from  one  another..  But  I  can  conceive 
of  no  mode  in  which  this  could  have  been  accomplished,  but  by  a 
force  acting  beneath  :  and  this  would  so  elevate  the  strata,  that 
they  would  dip  on  both  sides /rom  the  fissure.  But  I  could  dis- 
cover no  such  dip.  The  inclination  along  the  fissure  corresponds 
with  that  which  is  common  in  the  region  around  ;  yiz.  about  25^ 
N.  E.  In  the  vicinity -of  the  fissure,  however,  the  rocks  are  often 
exceedingly  broken  into  fragments :  ^  and  this  circumstance  indi- 
cates some  early  subterranean  convulsion.  Still,  I  am  rather  in- 
clined to  refer  these  fragments  as  well  as  the  fissure,  to  the  long 
continued  action  of  the  waves  of  the  sea,  when  the  spot  was  so 
situated  as  to  form  a  shore  of  moderate  elevation.  The  next  case 
of  a  purgatory  which  I  shall  describe,  will  illustrate  the  mode  in 
which  the  waves  might  have  produced  such  efiects. 

In  Newport^  Rhode  Island. 

In  the  southeast  part  of  this  town  (perhaps  it  is  within  the  lim- 
its of  Middleton,)  the  coarse  conglomerate  rock  contains  numer- 
ous cross  seams,  which  are  parallel  to  one  another,  and  nearly  per- 

*  Visitors  of  the  Sutton  Purg-atory  should  recollect  that  such  broken  rocks  fur- 
nish a  fine  retreat  for  the  Rattlesnake.  I  met  with  one  among  the  debrit  of  that 
place.  Bat  as  he  kindly  warned  me  that  I  was  treepassing  on  his  territory,  I 
thought  it  ungenerous  to  attack  him,  and  we  parted  on  good  terms,  mutually  wil- 
ling to  be  rid  of  each  others  company. 
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pendicular  to  the  boriasoD.  In  one  spot,  in  a  high  rocky  bluff,  two 
of  these  fissures  occur  not  more  than  six  or  eight  feet  asunder ; 
and  tbe  waves  have  succeeded  in  the  course  of  ages,  in  wearing 
away  the^  intervening  rock,  so  as  to  form  a  chasm  about  seven  rods 
in  length,  and  60  or  70  feet  deep ;  the  sides  being  almost  exactly 
perpendicular.  This  chasm  is  called  Pulsatory  ;  and  the  waves 
still  continue  their  slow  but  certain  work  of  destruction. 

On  the  south  shore  of  Newport,  a  similar  fissure  occurs  in 
granite.  It  is,  however,  much  less  extensive,  not  more  than 
twenty  feet  deep  perhaps  :  and  the  waves  sometimes  rush  into  it 
with  such  violence  that  they  are  dashed  not  less  than  thirty  feet 
into  the  air.  Even  granite  yields  under  this  everlasting  concus- 
sion.    This  spot  is  called  the  Spouting  Cave. 

We  have  only  to  suppose  the  Sutton  Purgatory  to  have  been 
once  similarly  situated  in  respect  to  the  ocean,  and  we  have  a 
cause  adequate  to  its  production.  And  yet,  what  an  immense  pe« 
riod  must  the  whole  work  have  demanded  ! 

Autumnal  Scenery. 

Perhaps  no  country  in  the  world  exhibits  in  its  autumnal  scen- 
ery, so  rich  a  variety  of  colors  in  the  foliage  of  trees,  as  our  own. 
But  It  is  particularly  beautiful  in  the  more  mountainous  parts  of 
tbe  land.  The  trees,  whose  leaves  give  the  liveliest  tints,  are  the 
maple,  the  oak,  the  walnut,  and  the  sumach  ;  while  the  pine  and 
hemlock  retain  their  deep  green  :  and  if  these  species  be  fantasti- 
cally mixed  on  a  mountain's  side,  they  present  a  splendid  drapery, 
which,  though  somewhat  approaching  to  the  gaudy,  is  yet  ex- 
tremely interesting.  Tbe  change  generally  commences  as  early 
as  the  middle  of  September,  and  does  no(  attain  its  full  perfec- 
tion till  after  several  frosts  of  considerable  severity.  Tbe  change 
proceeds  undoubtedly  from  an  increased  oxygenation  of  the  color- 
ing matter  of  the  leaves  ;  analogous  changes  being  easily  produced 
in  the  chemical  laboratory  by  the  addition  of  oxygen  to  certain 
compounds,*  as  for  example,  the  Chameleon  Mineral.  This  pro- 
cess in  the  eyes  of  a  chemist  does  not  seem,  as  I  believe  it  does 
to  most  men,  a  condition  of  sickness  connected  with  the  decay  and 
fall  of  the  leaf.  He  views  it  rather  as  a  beautiful  illustration  of 
the  means  which  nature  possesses  to  produce  variety.  True,  it  is 
one  of  the  more  advanced  steps  of  vegetable  life ;  but  does  not 
seem  to  be  disease.  Or  if  any  are  disposed  to  consider  it  such,  it 
ought  to  be  looked  upon  as  nature  descending  joyfully  in  her  rich- 
est dress  into  her  wintery  grave,  in  exulting  anticipation  of  a 
speedy  resurrection. 

*  Annales  de  Chimie  et  de  Physique,  Vol.  38,  p.  41S. 
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Although  this  phenomenon  forms  an  attracUve  object  to  the  ge« 
ologist  in  bis  wildest  excursions  among  the  mountains,  at  the  most 
delightful  season  in  the  whole  year  for  geological  research,  yet  it 
cannot  be  regarded  as  having  any  connection  with  geology.  But 
not  being  aware  that  any  attempt  has  been  made  to  preserve  these 
autumnal  colors  on  oanvas,  I  have  taken  the  liberty  to  attempt 
such  a  landscape,  and  herewith  transmit  it  to  your  Excellency. 
As  it  was  necessary  to  watch  with  great  care  the  proper  time  for 
seeing  these  colors  when  in  their  greatest  perfection,  I  have  se- 
lected a  view  of  the  village  in  which  I  reside  ;  and  if  I  mistake 
not  it  presents  a  tolerably  good  specimen  of  this  kind  of  land- 
scape. 

Sketches  of  Scenery  Accompanying  this  Report. 

It  has  been  in  my  power  to  obtain  sketches  of  some  of  the  most 
striking  scenery  which  has  been  described  in  this  part  of  my  Re- 
port :  and  1  take  the  liberty  to  forward  the  same  for  your  inspec- 
tion. I  am  indebted  for  them  to  Mrs.  Hitchcock  ;  as  I  am  for 
nearly  all  the  drawings  and  maps  accompanying  every  part  of  this 
Report.  The  landscapes  are  chiefly  confined  to  the  Connectkut 
Valley  ;  it  not  having  been  convenient  for  her  to  accompany  me 
to  distant  parts  of  the  State.  They  are  the  following. 
1.  Autumnal  Scenery.  A  view  in  Amherst.  (Plate  II.) 
8.  A  view  in  Hadky.  This  was  taken  from  the  south  end  of 
east  street  in  Hadley  ;  standing  on  the  banics  of  Connecticut  river, 
and  looking  southerly  down  the  stream  and  through  the  gorge  be- 
tween Holyoke  and  Tom.     (Plate  II I.^ 

3.  A  view  from  the  south  through  the  gorge  between  Holyoke 
and  Tom.  This  was  taken  from  ji  high  bank  on  the  east  side  of 
the  river,  about  a  mile  below  the  gorge.  In  looking  through  the 
gprge,  Connecticut  river  is  seen  making  several  extensive  windings 
through  Northampton  meadows,  while  at  a  distance,  a  most  de- 
lightful view  of  the  village  of  Northampton  and  the  Round  Hill 
School  is  obtained.     (Plate  IV.) 

4,  View  from  Mount  Holyoke.  This  is  a  westerly  view  in  the 
direction  of  Northampton.  It  was  taken  about  half  way  from  the 
base  to  the  summit  of  the  mountain.  But  it  does  not  differ  es- 
sentially from  the  view  at  the  summit.  It  is  perhaps  the  most 
delightful  prospect  in  New  England  ;  yet  its  character  is  such  that 
it  must  appear  to  great  disadvantage  upon  a  drawing.  The  cen- 
tral parts  of  this  landscape  are  considerably  contracted,  in  order  to 
bring  into  view  the  whole  of  the  remarkable  curve  in  the  Con- 
nectiput  on  the  right.     (Plate  V.) 
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5.  View  of  South  Hadky  Falls.  The  faHs  are  in  themselves 
an  object  of  little  interest  in  this  landscape.  But  the  beautiful  vil- 
lage at  their  foot,  the  wooded  amphitheatre  in  its  rear,  and  Mount 
Tom,  towering  in  the  back  ground,  with  other  objects  of  interest, 
conspire  to  render  this  a  very  striking  view.     (Plate  VI.) 

6.  View  of  Sugar  Loaf  Mountain.  This  sketch  was  taken 
from  the  plain  about  a  mile  south  of  the  base  of  this  conical  ele- 
vation. On  the  right  we  look  up  the  valley  through  which  the 
Connecticut  runs  ;  and  on  the  left,  appears  what  is  called  North 
Sugar  Loaf:  it  being  the  southern  precipitous  termination  of  the 
sandstone  ridge  that  runs  through  Deer6eld,  &c.  Both  elevations, 
in  order  to  exhibit  a  natural  appearance,  should  be  colored  of  a 
reddish  hue  towards  their  summit.     (Plate  VII.) 

7.  View  at  the  Confluence  of  Deerfield  and  Connecticut  Riv- 
ers. This  was  taken  from  an  eminence  about  one  mile  east  of 
the  bridge  across  Deerfield  river'  between  Deerfield  and  Green- 
field, and  near  the  residence  of  Col.  John  Wilson.  That  bridge, 
seen  through  a  gorge  in  a  greenstone  ridge,  appears  on  the 
left  in  the  drawing ;  beyond  which,  Deerfield  meadows  open : 
and  in  the  distanpe,  rise  the  primitive  ridges  of  Shelburne,  &;c. 
Deerfield  river  flows  towards  the  right  hand  side  of  the  sketch, 
where  it  mingles  with  the  Connecticut  that  comes  in  from  the 
north.  The  bridge  seen  on  the  right  in  the  drawing,  is  on  the 
Connecticut,  a  little  above  its  junction  with  the  Deer^eld.  Af- 
ter uniting,  these  streams  pass  southeasterly,  as  may  be  partially 
seen  on  the  right  hand  side  of  the  sketch.  The  bridge  across  the 
Connecticut,  connects  Montague  on  the  east  shore  with  Greenfield 
on  the  west.  Above  the  bridge,  may  be  seen  an  island ;  and  still 
farther  north,  the  river  washes  the  eastern  base  of  a  greenstone 
ridge,  which,  in  the  central  parts  of  the  drawing,  is  covered  with 
woods.  These  central  parts  are  more  contracted  than  a  just  pro- 
portion would  allow,  in  order  to  bring  both  rivers  upon  the  same 
sketch.     (Plate  VIII.) 

8.  View  of  Turner* s  FaUs.  This  view  was  taken  from  the 
place  on  the  north  or  Gill  shore,  already  described  as  the  best 
point  for  viewing  the  cataract.  Near  the  small  buildings  on  the 
right,  is  the  spot  where  occurred  the  bloody  battle  between  Capt. 
Turner  and  the  Indians  of  which  I  have  given  an  account.  On 
the  eminence  a  little  beyond,  was  an  Indian  fort.     (Plate  IX.) 

9.  Sketch  of  the  Gorge  or  '  Glen '  in  Leyden.  In  this  view 
the  observer  looks  northerly  through  one  of  the  wildest  portions 
of  the  ragged  chasm  ;  having  before  him  at  least  two  interesting 
cascades.     (Plate  X.) 

Here  I  close  the  second  part  of  mv  Report,     It  has  increased 

14 


Digitized  by  VjOOQ IC 


118  Topographical  Oeology 

under  roy  pen  beyond  my  expectations.  But  I  could  hardly 
have  said  less  consistently  with  giving  any  thing  like  a  correct 
view  of  our  scenery.  If  what  I  have  said  should  lead  others  to 
visit  and  enjoy,  as  I  have  done,  the  spots  that  have  been  described, 
I  am  sure  I  shall  be  the  means  of  imparting  much  happiness,  and 
shall  feel  a  confidence  that  I  have  not  written  in  vain. 

Respectfully  Submitted, 

Edward  Hitchcock. 

Amherst  College,  June  1, 1833. 
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FART  in. 


To  His  ExcelI/EKgt  Levi  Lincoln,  Es(i. 

Governor  or  Massachusetts. 

According  to  the  plan  suggested  in  the  first  part  of  mj  Re- 
port^ I  now  proceed  to  the  consideration  of  the  Scientific  Geol- 
ogv  of  Massachusetts. 

Having  already  given  a  view,  professedly  popular,  of  our  rocko 
and  minerals  which  are  interesting  in  a  pecuniary  respect,  I  shall 
make  no  apology  for  entering  into  full  details  in  this  third  part  of 
my  Report,  of  all  the  geological  phenomena  in  the  State,  that  have 
fallen  under  my  notice,  and  seem  of  any  importance  to  the  science. 
I  shall  endeavor,  however,  to  avoid  all  unnecessary  prolixity. 

No  science  is  making  such  rapid  progress  as  geology.  Even 
since  I  received  your  Excellency's  Commission,  three  years  ago, 
several  important  principles  have  been  developed  by  able  geolo- 
gists, which  I  shall  apply  to  the  rocks  of  this  region,  so  far  as  I  am 
able.  ^  In  Europe  geological  researches  have  been  pushed  much 
farther  than  in  other  quarters  of  the  globe ;  and  it  is  an  interesting 
inquiry,  how  far  the  phenomena  of  rocks  in  other  regions  corres-> 
pond  with  those  in  Europe.  I  hope  to  show  that  the  rocks  of 
Massachusetts  exhibit  some  analogies  of  this*kind,  that  prove  an 
identity  of  the  causes  that  produced  them. 

The  technical  terms  which  I  shall  be  under  the  necessity  of  em-> 
ploying,  will  be  used,  so  far  as  I  understand  them,  in  the  sense 
adopted  by  the  most  recent  and  approved  authors.  Geology, 
however,  does  not  abound  in  terms  of  this  kind ;'  nor  shall  I  em- 
ploy more  than  necessity  requires. 

I  ought  perhaps  to  remark  that  the  term  rock,  will  be  sometimes 
employed,  as  it  is  by  most  geological  writers,  to  include  the  loose 
materials  and  soils  embraced  in  the  alluvial,  diluvial,  and  tertiary 
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formations,  as  well  as  those  solid  masses,  to  which  the  term  is  lim- 
ited in  its  popular  sense. 

It  is  well  known  that  there  is  not  a  little  diversity  among  the 
ablest  writers  in  respect  to  the  names  of  rocks.  Under  such  cir- 
cumstances an  infallible  nomenclature  is  out  of  the  question.  But 
if,  as  I  intend  to  do,  I  describe  definitely  what  is  included  under 
each  name  attached  tq  the  accompanying  geological  map,  it  seems 
to  me  that  the  difficulty  will  be  in  a  great  measure  obviated:  es- 
pecially as  I  shall  present  specimens  to  the  Government,  of  every 
variety  of  rock  that  is  described.  And  should  they  take  measures 
for  preserving  this  collection,  future  geologists  may  know  precise- 
ly what  is  comprehended  und  ereach  rock  mentioned  in  this  Report. 

Geologists  are  not  agreed  whether  it  is  best  to  describe  rocks  in 
a  descending  or  an  ascending  order ;  that  is,  whether  they  shall 
commence  at  the  surface  with  the  roost  recent  rocks,  or  with  the 
lowest  hitherto  discovered.  Each  plan  has  some  advantages  and 
some  disadvantages  peculiar  to  itself.  Without  stopping  to  assign 
the  particular  reasons,  I  shall  choose  a  descending  order ;  that  is^ 
I  shall  commence  with  the  uppermost  stratum :  and  in  adopting 
this  course,  I  follow  the  example  of  most  of  the  ablest  geological 
writers  of  the  day,  such  as  Brongniart,  De  la  Beche,  Lyell,  Man- 
tell,  &c. 

As  to  the  Classification  of  Rocks,  there  is  also  very  much  diver- 
sity among  the  ablest  writers ;  although  there  has  been  great  im- 
provement in  this  respect  within  the  last  15  or  20  years.  Yet, 
excepting  a  few  general  principles,  the  different  systems  for  the 
arrangement  of  rocks  must  be  regarded  as  provisional  merely, 
awaiting  the  revision  of  some  future  Linnsus  in  Geology.  Among 
the  principles  which  I  regard  as  established  in  the  science,  one  is 
the  divij^ion  of  rocks  into  stratified  and  unstratified.  This  division, 
therefore,  I  shall  adopt.  But  instead  of  stopping  here  to  explain 
the  subdivisions  of  these  classes,  I  shall  introduce  a  Tabular  View 
of  the  rocks  in  Massachusetts,  arranged  as  nearly  as  possible  in  the 
order  of  their  supevposition ;  and  opposite  their  names,  I  shall  put 
down  the  most  important  and  ingenious  systems  of  arrangement 
now  in  use  among  geologists ;  so  that  a  comparative  view  of  them 
may  at  once  be  obtained.  (See  the  accompanying  Atlas,  Plate 
XIX.)  The  first  column  contains  the  names  of  the  rocks  under 
which  I  describe  them  ;  the  second  column,  the  varieties  of  each 
rock  observed  in  Massachusetts  ;  the  third  column,  a  catalogue  of 
minerals  found  imbedded  in  each  rock ;  and  the  remaining  columns, 
the  various  systems  above  referred  to.  The  simple  minerals  are 
put  down  without  any  attempt  at  classification  ;  it  being  thought 
sufficient  to  refer  them  to  the  rocks  in  which  they  are  found. 
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In  describing  the  various  rocks  in  the  State,  1  shall,  as  far  as 
possible,  follow  a  uniform  order,  giving  first  the  mineralogical  char- 
acters ;  next  the  topography  of  the  formation  ;  next  the  dip,  di- 
rection, he.  of  the  strata ;  next  an  account  of  the  organic  remains ; 
next  of  the  mineral  contents ;  and  finally,  add  some  theoretical 
considerations.  In  many  instances,  however,  this  order  cannot  be 
observed  ;  and  in  others,  some  of  the  above  particulars  will  need 
no  notice. 

I  was  in  doubt  for  a  time  whether  it  would  be  advisable  to  add 
any  remarks  upon  the  theory  of  the  rock  formations,  or  the  ex- 
planation of  particular  phenomena.  But  such  an  addition  seemed 
wanting  to  complete  my  account  of  the  rocks  ;  and  I  came  to  the 
conclusion  to  attempt  an  explanation  of  all  the  most  important 
phenomena,  which  I  describe.  There  will  of  course  be  a  diversi- 
ty of  opinion  concerning  many  of  the  theories,  and  especially  con- 
cerning the  hypotheses,  which  I  shall  advance.  I  have  given 
those  which  are  most  satisfactory  to  my  own  mind,  after  consulting 
several  of  the  most  recent,  and  most  able  writers  upon  geological 
philosophy.  While  I  could  not  but  express  plainly,  my  own  de- 
cided convictions,  I  hope  1  have  not  done  it  dogmatically. 

A  few  words  more  may  be  necessary  in  explanation  of  the  Geo- 
logical Map.  I  have  striven  to  reduce  it  to  such  simplicity,  that  its 
plan  and  arrangement  will  be  obvious  by  mere  inspection.  Some 
things  about  it,  however,  may  need  elucidation.  To  avoid  confu- 
sion and  mistake,  I  have  employed  but  six  colors ;  which,  with 
the  exception  perhaps  of  the  blue,  are  so  strongly  marked,  that 
they  can  readily  be  distinguished  by  candle  light.  These  colors 
mark  off  tbe  rocks  of  the  State  into  what  may  be  regarded  as  dis- 
tinct groups  :  the  members  of  each  group,  with  tbe  exception  of 
the  fourth^  being  so  nearly  related,  that  they  might  even  be  re- 
garded, in  most  cases,  as  belonging  to  the  same  formation  ;  or  if 
this  term  be  too  limited  in  its  meaning,  we  might  resort  to  the  ter^ 
rain  of  the  French  geologists ;  a  word  to  which  we  have  no  one 
in  English  exactly  corresponding.  The  first  group,  however,  em- 
bracing all  the  unstratified  rocks,  would  include  more  than  one 
terrain,  if  that  term  can  embrace  only  the  rocks  produced  during 
one  geological  epoch,  or  period.*  The  second  group  embraces 
only  gneiss,  and  those  rocks  which  are  so  intimately  associated 
with  it,  that  they  constitute  but  a  single  formation.  The  third 
group  comprehends  mica  slate  and  those  rocks  that  are  so  closely 
connected  with  it,  as  to  show  great  similarity  in  the  causes  that 
produced  them  ;    although  perhaps  not  all  of  them  were  formed 

•  Sec  Brongnian's  *  Tableau  des  Terrains,'  &c.  p.  4.  Introduction. 
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during  the  same  epoch.  The  fourth  group  is  miscellaneoas,  in- 
cluding rocks  that  have  no  necessary  connection  or  resemblance. 
The  fifth  group  includes  alLthe  consolidated  rocks  resulting  from 
fiiediment ;  although  obviously  belonging  to  at  least  three  distinct 
formations.  The  sixth  group,  takes  in  all  the  unconsolidated  beds 
abore  the  chalk,  or  its  equivalent  in  this  country,  the  ferruginous 
sand  formation. 

The  tablets  attached  to  the  Map  will  show  the  particular  marks 
by  which  the  members  of  the  different  groups  are  distinguished 
from  one  another :  And  to  afford  still  farther  means  for  accomplish- 
ing the  same  object,  and  preventing  mistakes,  I  have  placed  a 
figure  on  each  tablet,  which  corresponds  with  the  same  figure 
placed  upon  the  map  in  every  place  occupied  by  that  particular 
rock  ;  so  that  even  if  in  any  case  the  painter  has  applied  a  wrong 
color,  these  figures  will  afford  the  means  of  detecting  the  mistake. 

STRATIFIED  ROCKS. 

The  uppermost  portion  of  this  division  of  the  crust  of  the  globe 
consists  for  the  most  part  of  unconsolidated  layers  of  sand,  clay, 
and  gravel.  The  lower  portion  embraces  all  those  solid  rocks  that 
are  divided  by  parallel  and  continuous  seams.  The  stratified  rocks 
occupy  in  every  country  by  far  the  largest  proportion  of  the 
surface. 

Alluvium. 

It  is  well  known  that  a  number  of  causes  are  daily  operating  to 
.modify  the  surface  of  the  globe.  In  some  instances  new  and  solid 
rocks  are  gradually  forming ;  in  others,  and  those  far  the  most  nu- 
merous cases,  the  rock  strata  are  wearing  away,  and  the  fragments, 
carried  by  water  to  the  lowest  spots,  are  deposited  in  the  form  of 
sand,  gravel,  clay,  and  loam.  But  all  such  deposits,  whether  con- 
solidated or  not,  are  denominated  alluvium ;  excepting  only  the 
products  of  volcanoes. 

Alluvium  of  Rivers. 

The  deposits  produced  by  the  overflowing  of  rivers,  are  the 
most  common  and  familiar  example  of  this  stratum.  They  will, 
of  course,  consist  of  that  heterogenous  mixture  which  a  swollen 
and  agitated  stream  sweeps  along.  When  first  the  river  issues 
from  the  mountains  and  begins  to  spread  over  the  plains,  coarse 
gravel  and  sand,  and  not  unfrequently  large  bowlders,  will  be  de- 
posited. The  finer  materials,  and  most  of  the  vegetable  and  an- 
imal substances,  being  lighter,  will  float  on  farther  before  subsiding. 
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So  that  the  portion  of  an  alluyial  tract  which  is  nearest  the  mouth 
of  the  stream,  will  generally  be  most  valuable  in  an  agricultural 
point  of  view,  being  made  up  of  the  finest  and  richest  loam. 

It  is  quite  obvious  that  the  power  of  rivers  in  depositing  alluvium 
must  be  lessened  by  every  successive  innundation  ;  since  the  more 
elevated  the  banks,  the  less  frequently  will  the  stream  rise  above 
them  ;  and  the  less  the  amount  of  water  thrown  over  the  mead- 
ows. In  some  places,  along  the  Connecticut  and  its  tributaries, 
the  banks  have  already  attained  such  an  elevation,  that  it  is  only 
at  long  intervals  that  the  floods  are  high  enough  to  surmount  them ; 
and  yet  they  are  obviously  the  result  of  alluvial  deposition. 

The  Connecticut  and  its  tributaries,  the  Deerfield  and  the  West- 
fieid,  furnish  the  only  examples  of  river  alluvium  of  much  extent 
and  importance  in  the  State,  Some  fine  meadows  of  this  de- 
scription, however,  occur  on  the  Housatonic,  in  Stockbridge,  Great 
Bairington  and  Sheffield.  Indeed,  every  river  in  the  State,  and 
every  brook,  present  limited  tracts  of  this  stratum.  But  only 
those  along  the  Connecticut  and  Housatonic  were  thought  deserv- 
ing of  a  place  on  the  Map.  In  some  instances  the  deposition  of 
the  Connecticut,  the  Deerfield,  and  the  Westfield,  is  15  or  30  feet 
thick.  Logs,  leaves,  walnuts,  butternuts  &c.  are  frequently  im- 
bedded at  that  depth,  and  but  slightly  changed.  Relics  of  thiQ 
kind,  though  of  but  little  importanceto  the  geologists  of  the  pres- 
ent age,  may  be  viewed  with  great  interest  in  future  times,  when 
this  alluvium  shall  have  become  consolidated  and  other  formations 
shall  be  imposed  upon  it. 

The  alluvial  basin  of  Deerfield  river,  in  Deerfield,  is  perhaps 
the  most  remarkable  example  of  diis  formation  in  the  State.  It  ia 
shut  in  on  all  sides  by  high  land,  and  the  river  is  obliged  to  force 
its  way  to  the  Connecticut  through  a  narrow  gorge  in  a  high  ridge 
of  greenstone  ;  and  its  direction  where  it  empties,  is  almost  oppo- 
site to  the  coarse  of  the  Connecticut.  The  Deerfield,  being  a 
raountam  torrent,  and  of  less  extent,  is  raised  several  hours  earlier 
than  the  Connecticut  after  a  rain.  It  even  begins  to  subside  be- 
fcre  the  latter  has  risen  much.  But  as  the  Connecticut  swells,  it 
throws  back  the  waters  of  the  Deerfield  over  the  broad  basin 
among  the  mountains,  and  sometimes  retains  it  there  for  three  or 
four  dajrs,  or  even  a  week,  until  the  very  finest  sediment  is  depos- 
ited. The  consequence  is,  a  rapid  growth  of  alluvium,  and  great 
fertility  of  soil. 

It  is  interesting  to  observe  in  Deerfield  Meadows  the  numerous 
changes  in  the  bed  of  the  river,  that  have  taken  place  at  no  very 
remote  period  ;  though  none  of  much  importance  since  the  settle- 
ment of  the  place  by  the  whites.  A  map  of  these  changes  might 
be  instructive  as  illustrating  the  operation  of  existing  geological 
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agencies.  But  I  did  not  judge  it  expedient  to  coDstnict  one,  since 
so  many  other  cases  of  more  importance  will  require  drawings.  1 
remark,  however,  that  as  the  banks  of  this  river  are  easily  worn 
away,  constant  changes  are  taking  place  with  much  rapidity  by 
the  action  of  the  stream,  so  that  it  must  be  a  fine  place  for  study- 
ing fluviatile  dynamics. 

Patches  of  river  alluvium  are  represented  on  the  Map  in  Stock* 
bridge,  Sheffield,  Great  Barrington,  Longmeadow,  Springfield, 
West  Springfield,  Northampton,  Hadley,  Hatfield,  Whately,  Deer- 
field,  and  Northfield. 

Coast  Alluvium. 

This  sort  of  deposition  is  of  two  kinds.  The  first  is  produced 
by  tides  and  currents  in  the  ocean,  which  frequently  transport 
large  quantities  of  soil  from  one  place  to  another,  and  cause  it  to 
accumulate  in  those  situations  where  their  force  abates,  or  is  de- 
stroyed. In  the  southeastern  part  of  the  State,  s\icb  cases  are  nu- 
merous :  and  I  have  regarded  the  sandy  accumulations  of  this  kind 
in  Provincetown  ;  opposite  Chatham  and  Harwich ;  on  the  north 
shore  of  Barnstable ;  and  in  several  places  along  the  northwest 
coast  of  Nantucket,  as  of  sufficient  extent  to  deserve  a  notice 
upon  the  Map.  Deposits  of  this  kind  on  a  smaller  scale  are  very 
common  in  the  southeast  part  of  the  State. 

Salt  Marsh  AUuvium. 

Salt  marsh  alluvium  results  firom  the  joint  action  of  two,  and 
sometimes  three  causes :  1.  from  the  decay  of  salt  marsh  plants ; 
2.  from  the  silt  brought  over  the  marsh  by  the  tides ;  and  3.  from 
the  alluvial  soil  brought  down  by  streams,  when  these  happen  to 
empty  through  those  marshes.  The  marshes  in  the  vicinity  of  Bos- 
ton consist  chiefly  of  a  clayey  loam,  with  vegetables  more  or  less 
decayed,  forming  in  fact  an  imperfect  deposit  of  peat.  The  depth 
of  the  peculiar  pulpy  soil  of  these  marshes  is  rarely  more  than  6 
or  8  feet.  In  the  southeastern  part  of  the  State,  the  salt  marshes 
are  much  more  sandy.  In  fact  their  character  depends  very  much 
upon  the  nature  of  the  soil  on  the  coast,  since  this  is  carried  by 
the  sea  into  the  marshes  and  deposited.  Though  salt  marshes  are 
numerous  along  the  coast,  this  kind  of  alluvium  is  marked  on  the 
map  in  only  two  places,  viz.  in  Charlestown  and  Chelsea. 

StUftnarine  Forests. 

Though  these  have  not  hitherto  been  noticed  in  this  country,  I 
am  inclined  to  believe  that  they  are  not  uncommon  in  the  south- 
east part  of  the  State,  and  probably  all  along  the  Atlantic  coast. 
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They  consist  of  the  remains  of  ancient  forests,  now  snimierged  a 
few  feet  below  the  sea,  though  sometimes  laid  bare  at  low  water. 
The  vegetables  found  in  them  are  generally  such  as  grow  in  low 
land ;  and,  indeed,  peat  not  nnfrequently  occurs.  This  is  the  case 
in  the  harbor  of  Nantucket,  as  1  am  informed  by  Lit.  Jonathan 
Prescott,  of  the  U.  States  army.  This  gentleman,  while  superin- 
tending the  dredging  of  that  harbor,  found  portions  of  cedar,  ma- 
ple, oak,  and  beach  trees,  some  of  them  in  an  erect  position  and 
accompanied  by  peat  of  an  imperfect  character.  All  the  wood^ 
except  the  cedar,  (^Cuprenui  thuyoideSf)  whnh  was  nearly  a^ 
sound  as  ever,  was  very  much  decayed.  These  relics  were 
buried  by  four  feet  of  sand,  and  wete  about  eight  feet  below  low 
water  mark. 

Another  submarine  forest  exists  at  Holme's  Hole,  on*  Martha'9 
Vineyard.  It  is  on  the  west  side  of  the  harbor,  and  was  described 
by  the  pilot  as  having  the  appearance  of  a  marsh  at  low  water. 
Stumps  have  been  found  there  id  considerable  quantity ;  of  the 
cedar  at  least. 

Near  the  southwest  extremity  of  the  Vineyard,  on  the  north 
shore,  I  was  informed  that  another  forest  of  a  similar  description^ 
may  be  seen.  On  the  north  side  of  Cape  Cod,  also,  opposite^ 
Yarmouth,  cedar  stumps  may  be  found  (as  I  was  informed'  by  the 
Captain  of  the  Falmouth  packet,^  extending  more  than  three 
miles  into  Barnstable  Bay.  And  Mr.  Henry  Wilder,  of  Laoca^ 
ter,  who  first  directed  my  attention  to  this  subject,  says  that  tbe* 
same  thing  occurs  in  the  bay  of  Provincetown,  on  the  side  oppo«- 
site  the  village.  Farther  inquiries  will  no  doubt  bring  to  light 
many  more  instances  of  a  similar  character :  for  my  opportunities 
of  observation  on  this  subject  have  been  but  few. 

Greoiogists  are  not  a  litde  perplexed,  satisfactorily  to  account  for 
submarine  forests.  Souie  of  them,  it  has  been  thought,  might 
have  resulted  from  the  breaking  of  the  barrier  of  a  peat  swamp- 
by  the  ocean ;  whereby  it  was  drained  and  the  soil  rendered  more 
compact  so  as  to  subside  below  the  level  of  the  ocean.  But  in 
general  it  has  been  supposed  that  these  forests  have  subsided-  in 
consequence  of  earthquakes  or  other  internal  movements  of  the: 
earth.  But  if  it  should  be  found,  as  there  seems  reason  for  be- 
lieving, that  they  exist  in  every  quarter  of  the  globe,  and  at  lieap- 
ly  the  same  depth  beneath  the  ocean,  a  cause  (like  those  just 
*  named)  which  is  local  and  irregular  in  its  operation,  will  hardly 
explain  their  occurrence. 

Peat. 

Various  causes  are  in  operation  to  produce  an  accumulation  oP 
mud  upon  the  bottoms  of  poods,  lakes,  estuaries,  &;c.    In  this 

15 
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mud  various  aquatic  plants  will  take  root,  and  by  their  decay  will 
swell  the  deposite.  At  length  the  pulpy  mass  nearly  reaches  the 
surface  when  sphagneous  and  other  mosses  take  root  in  it,  along 
with  numerous  other  plants,  and  by  their  gradual  decomposition, 
the  pond  or  the  lake  becomes  converted,  in  the  course  of  ages, 
into  a  swamp  or  marsh.  On  digging  into  it,  the  bottom  will  be 
found  to  consist,  near  the  surface,  of  interlaced  vegetable  fibres 
and  roots,  with  only  a  small  proportion  of  earth  ;  farther  down  the 
vegetable  matter  will  be  found  more  decayed  and  compact,  until  at 
length,  in  many  instances,  perfect  compact  peat,  with  occasional 
layers  of  mud,  will  be  discovered. 

This  is  the  simple  and  summary  account  of  the  origin  of  the 
different  varieties  of  peat.  And  since  the  process  is  daily  pro- 
gressing, it  is  properly  an  alluvial  formation :  though  probably  a 
part  of  the  peat  in  this  State  was  produced  previous  to  some  of 
the  latest  general  and  important  changes  which  the  earth  has  un- 
dergone. According  to  this  statement,  almost  any  vegetable  mat- 
ters, that  have  remained  for  some  time  beneath  the  surface  of  the 
soil,  may  be  called  peat ;  and  it  may  even  be  produced  beneath 
the  sea  by  marine  plants,  such  as  the  Zostera  marina.  It  is  only 
within  certain  limits  of  moisture  and  temperature,  however,  that 
proper  peat  can  be  produced  :  and  hence  in  the  torrid  zone,  the 
decomposition  is  so  rapid  and  perfect,  that  peat  is  rarely  found. 
Hence,  too,  in  northern  latitudes,  the  most  elevated  swamps  are 
the  most  favorable  spots  for  its  production :  that  is,  for  abstracting 
the  oxygen  and  hydrogen  of  the  vegetable  and  leaving  the  carbon 
to  predominate. 

Numerous  as  are  the  deposits  of  peat  in  Massachusetts,  very 
little  need  be  said  concerning  it.  The  localities  where  it  has  been 
found  most  abundant,  are  noticed  on  the  Map ;  though  doubtless 
many  others  would  be  found  equally  prolific,  if  sought  after.  All 
the  varieties  noticed  by  authors — the  mai'sh — the  lake — the  forest 
— the  maritime  and  the  transported  peat — are  found  here.  In- 
deed, according  to  the  definition  that  has  been  given  of  this  sub- 
stance, it  is  perfectly  obvious  that  not  a  town  in  the  State  can 
be  named  where  more  or  less  of  it  does  not  exist.  The  eastern 
section,  however,  is  certainly  best  stored  with  those  varieties  that 
may  be  employed  for  fuel.  And  it  is  an  unexpected  fact,  that  the 
southeastern  parts  of  the  State,  which  abound  with  sand,  contain 
also  a  large  amount  of  peat.  According  to  a  survey  by  Lt.  Pres- 
cott,  the  island  of  Nantucket  and  the  small  adjacent  islands  of 
Thuckanuck,  Muskegut,  and  Gravel,  contain  30,590  acres;  of 
which,.  1050 are  fresh  ponds,  and  650  are  peat  swamps:  the  beds 
being  from  1  to  14  feet  thick,  and  generally  of  good  quality.  This 
must  afford  an  inexhaustible  supply  of  fuel  for  the  inhabitants ; 
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and  yet  I  was  surprised  to  learn,  that  although  the  price  of  fuel  is 
very  high  there,  peat  is  not  much  employed.  This  perhaps  re- 
sults from  the  habit  of  brioging  almost  every  article  used  on  the 
island  from  abroad ;  or  more  probably  from  the  general  thrift  and 
comfortable  circumstances  of  the  inhabitants,  which  enable  them 
to  employ  the  kind  of  fuel  that  is  most  pleasant ;  and  who  is  there 
that  would  not  prefer  wood  to  peat. 

The  process  by  which  peat  is  produced,  must  be  every  year 
less  proliBc  in  its  results ;  especially  in  this  country.  For  many 
swamps  are  already  so  much  filled  as  to  raise  the  plants  on  their 
surface  too  high  to  receive  the  requisite  moisture.  And  besides, 
the  trees  and  shrubs  are  cleared  away  from  many,  and  their  sur- 
faces converted  into  fields  for  producing  grass.  Some  very  fine 
mowing  lots  of  this  description  may  be  seen  a  little  west  of  the 
village  in  Nantucket :  and  over  the  whole  surface  of  that  island, 
scarcely  a  tree  or  shrub  is  now  to  be  seen,  so  that  here  the  for- 
mation of  peat  has  probably  in  a  good  measure  ceased.  The  peat 
swamps  there  (as  they  now  are  in  many  parts  of  the  southeastern 
extremity  of  the  State)  were  probably  once  covered  with  the  white 
cedar. 

According  to  the  Messrs.  Danas,  trunks  of  trees,  generally  of 
some  species  of  pine,  occur  in  peajt,  several  feet  below  the  surface 
in  the  marshes  of  Charles  river. 

Marl. 

In  limestone  regions,  the  waters  generally  contain  more  or  less 
of  the  carbonate  of  lime  in  solution  ;  and  this,  gradually  depositing 
along  with  the  fine  clay  or  mud  held  in  suspension,  produces  one 
of  the  varieties  of  marl.  In  a  few  places  in  Berkshire  County, 
such  marl  is  now  in  the  course  of  formation  at  the  bottom  of 
ponds.  In  this  marl  (Nos.  12  to  16,)  we  find  Planorbis  parvus, 
bicnrinatus,  and  irivolvis,  Lymnsa  heterostropha  and  catascopium, 
with  a  nondescript  species  of  Cyclas ;  all  of  which,  except  the 
last  perhaps,  correspond  with  existing  species  in  the  same  region. 

Alluvium  of  Disintegration. 

Very  few  rocks  have  the  power  of  completely  resisting  the 
aoited  influence  of  air,  water,  heat,  and  cold.  And  some  kinds 
are  powerfully  and  deeply  acted  upon  by  these  agents.  Perhaps 
the  new  red  sandstone  is  more  affected  in  this  manner  than  any 
other  rock  in  Massachusetts  :  and  not  unfrequently  its  surface  for 
several  feet  in  depth,  is  converted  into  mere  sand  and  gravel. 
This  becomes  gradually  mixed  with  the  soil,  and  gives  a  decidedly 
red  bue  to  extensive  tracts.  Next  to  this  sandstone — and  I  am 
not  sure  but  even  more  subject  to  decay — ^is  our  gneiss ;  especially 
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ihat  in  Worcester  county.  Henoe  io  tbat  part  of  the  State — 
Jbilly  AS  it  is — we  soroetinies  acancely  see  a  rock  in  place  in  cross- 
ing a  whole  towQsbip.  In  an  excavation  which  I  lately  noticed 
pn  Spencer,  I  had  an  opportunity  of  observing  that  a  disintegration 
^d  ^aken  place  in  the  gneiss,  from  6  to  10  feet  in  depth.  I  could 
distinguish  the  materials  resulting  from  disintegration,  from  the 
diluvium  lying  above  them,  by  observing  tbat  in  the  former  the 
masses  ot  gneiss,  reffiaining  undecayed,  bad  a  position  parallel  to 
ibat  pf  the  layers  of  tbe  aoJid  gneiss  beneath,  being  considerably 
inclined ;  whereas  the  fragments  in  the  diluvium  exhibiced  no  such 
parallelism.  I  have  never  seen  a  disiotegratiom  so^deep  as  this  in 
tbe  new  red  sandstone,  though  in  the  vk;inity  of  New  Haven,  Ct. 
»l^  depth  is  several  feet.  Some  varieties  of  trap  rock,  particularly 
pn^  on  Connecticut  river,  whose  base  is  wacke-like^  and  some  of 
the  sienites  in  the  eastern  part  of  the  State  that  abound  in  iron, 
disintegrate,  and  eyien  decompose,  rapidly.  Mk^a  slate  and  taksose 
folate  are  similarly  affected,  though  to  a  less  extent,  as  is  also 
argillaceous  slate,  and  some  varieties  of  slaty  graywacke. 

Quarts  rock,  for  the  most  part,  is  one  of  the  most  indestructible 
of  all  our  rocks.  Those  rounded  and  smooth  bowlders  of  granular 
quarts  especially,  that  are  so  common  in  the  western  part  of  tbe 
3tate  amopg  tbe  diluvium,  appear  in  general  to  have  bid  defiance 
to  all  decomposing  agencies  in  past  ages,  and  to  be  destined  to 
endure  unchanged  for  ages  to  come.  Yet  I  had  recently  pointed 
out  to  me  a  rather  curious,  and  somewhat  instructive  example  of 
ihese  bowlders,  lying  in  the  extensive  fruit-tree  nursery  of  Mr. 
Tracy,  b  Norwich.  .  It  was  several  feet  in  diameter,  and  though 
not  as  smooth  as  some  bowlders  of  this  kind,  yet  I  should  not 
have  suspec;ted  that  it  bad  suffered  the  least  waste,  were  it  not  for 
nn  inscription  that  appears  upon  it.  The  name  of  John  Gilpin  is 
inarked  on  its  upper  surface,  in  a  large  fair  hand,  a  few  of  the 
letters  only  being  indistinct.  These  letters  are  not  cut  in  the 
atone,  nor  dp  they  consist  of  any  foreign  substance,  like  ink,  or 
paint,  spread  over  it.  But  they  are  rendered  visible  simply  by 
the  lighter  color  of  the  surface,  where  they  were  originally  written  ; 
and  by  passing  the  finger  over  them,  it  is  obvious  that  they  project 
slightly.  Hence  I  infer  that  these  letters  were  originally  written 
with  some  kind  of  paint,  which  prevented  the  rock  beneath  it  from 
decaying ;  while  the  decomposing  process  went  on  gradually  on 
tbe  other  parts  of  the  stoiie.  Now  as  these  letters  must  nave 
been  written  since  tbe  settlement  of  that  part  of  the  country,  we 
cannot  suppose  that  more  than  l&O  years  at  the  longest  have  since 
ebpsed :  and  probably  the  period  is  much  less.  We  have  here, 
then,  a  sort  of  measure  for  determining  tbe  rate  at  which  hard 
quarts  rock  will  decay  by  atmospherical  agencies. 
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Alluvium  of  Degradation. 

Three  causes  are  eoostantljr  operating  to  degrade  the  mountains 
and  bills,  and  to  fill  up  the  valleys,  riz :  rains,  frost,  and  gravity. 
That  they  have  not  already  reduced  the  earth'3  surface  to  a  level, 
is  decisive  proof  that  the  globe  has  not  existed  in  its  present  state 
eternally.  Such  a  result  must  ultimately  proceed  from  these 
causes,  if  they  continue  long  enough  in  operation :  and  that  would 
be  to  reduce  the  globe  to  an  uninhabitable  chaos :  for  if  the  present 
dry  land  were  spread  uniformly  over  the  whole  globe,  the  ocean 
would  fiow  over  the  whole  of  it,  even  with  considerable  depth  of 
ivaters. 

In  precipitous  ridges,  particularly  of  trap  formation,  frost  com- 
mences the  work  of  degradation.  Water,  penetrating  the  fissures 
of  these  rocks,  expands  by  fteesing  and  forces  them  slightly 
asunder.  This  makes  room  for  a  larger  portion  of  water  the  suc- 
ceedmg  winter ;  and  thus  the  process  goes  on  until  the  columnar 
roasfes  of  rock  are  urged  downward  by  the  force  of  gravity  and 
powerful  rains.  This  is  the  origin  of  those  extensive  slopes  of 
broken  fragments,  or  debris  of  rocks,  which  arrest  the  attention  on 
the  mural  faces  of  the  greenstone  ridges  in  the  Connecticut  valley. 
Generally  these  fragments  rise  only  about  one  half  or  two  thirds 
the  height  of  the  ridge ;  though  sometimes  they  continue  to  the 
very  suramit:  the  process  of  degradation  from  this  cause  having 
ooiae  to  an  end. 

Instances  of  this  kind  have  been  reganded  by  geologists  as  a 
kind  of  natural  chronometer,  demonstrating  the  recent  origin  of 
the  present  state  of  the  globe*  No  observations,  however,  have 
been  made  on  the  progress  of  this  leveling  process  accurate  enough 
to  compare  it  with  historical  records. 

When  the  three  causes  of  degradation  above  mentioned  combine 
their  maximum  energy  on  tbe  sides  of  steep  Alpine^summits,  tbey 
produce  the  well  known  and  sometimes  terrific  phenomenon  of 
Und-nlipM.  Though  examples  of  these  on  a  limited  scale  are  very 
common  in  Massachusetts,  yet  the  only  one  worthy  the  particular 
attention  of  geologists,  is  on  the  southwest  side  of  Saddle  Moun- 
tain, at  tbe  place  called  the  Hopper.  But  this  has  been  partic- 
ularly noticed  is  tbe  second  part  of  my  Report 

Bog  Ore. 

In  tbe  western  part  of  Woioester  county,  and  over  a  large 
extent  of  territory,  tbe  process  by  which  this  ore  is  produced  and 
deposited,  is  so  manifest  that  it  deserves  description.  The  gneiss 
rock  there,  abounds  with  tbe  sulphuret  of  iron.  This  is  continu- 
ally undei^ng  a  deeomposiiion  by  the  action  of  beat,  air,  and 
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moisture ;  and  becomes  changed,  first  into  an  oxide,  and  then, 
sooie  of  it  into  a  sulphate.  The  oxide  usually  imbibes  more  or 
less  of  carbonic  acid  from  the  atmosphere,  and  is  changed  into  a 
carbonate ;  which  is  sohible  in  water.  Or  this  oxide,  being  washed 
from  the  rocks  by  rain  into  cavities,  meets  with  water  containing 
carbonic  acid,  by  which  it  is  dissolved.  Once  dissolved,  it  is 
readily  transported  to  ponds  and  swamps,  and  there  deposited  by 
the  evaporation  of  the  water.  In  the  region  above  referred  to,  this 
process  may  be  witnessed  in  all  its  stages.  By  breaking  the  rock 
we  find  the  sulphuret  unchanged  ;  while  the  surface  is  coated  over 
with  the  oxide,  sulphate,  and  carbonate.  The  soil,  also,  to  a 
considerable  depth,  exhibits  very  strikingly  the  color  of  iron  rust ; 
and  in  the  low  grounds  the  bog  ore  is  abundant. 

Probably  a  similar  theory  will  apply  to  the  production  of  this 
ore  in  other  parts  of  the  State ;  though  I  know  of  no  spot  where 
the  process  is  so  obvious  as  in  Worcester  county.  Indeed,  the 
fact  that  very  many  of  our  bog  ore  deposites  are  buried  several 
feet  deep  by  soil,  and  occur  on  dry  ground,  shows  that  in  those 
places  the  process  of  its  formation  has  long  since  ceased.  In  sev- 
eral ponds  in  the  southeast  part  of  the  State,  it  is  said,  however, 
that  it  is  forming  rapidly. 

Since  iron  is  a  mineralizer  of  oi^anic  substances,  we  might  ex- 
pect to  find  organic  remains  in  bog  ore.  In  that  of  Massachusetts, 
I  have  noticed  only  vegetable  relics.  In  New  Braintree  the 
culms,  spikes,  and  spikelets  of  grasses — mostly  of  carex — are  com- 
mon*  The  spikes  and  spikelets  especially,  are  very  distinct  and 
perfect.  (No.  19.)  Even  the  natural  color  of  the  fruit  is  some- 
times preserved  ;  and  to  appearance  it  seems  to  be  unaltered  ;  but 
examination  shows  the  whole  to  be  only  iron  ore. 

Oxide  of  Manganese, 

I  know  not  Vhy  geologists  have  omitted  this  substance  in  eou- 
liberating  alluvial  deposites.  For  it  seems  to  have  as  good  claims 
to  be  regarded  alluvial,  as  bog  ore  and  peat.  I  refer  particularly 
to  the  bydrated  oxide,  or  black  wad  ;  which  is  ordinarily  a  mix- 
ture of  manganese,  iron,  and  clay.  This  is  certainly  produced 
daily  by  a  process  analogous  to  that  which  forms  bog  ore  ;  that  is, 
the  decomposition  of  rocks  containing  manganese,  exposes  that 
metal  to  be  washed  by  water  into  cavities  on  the  surface  of  the 
earth,  where  it  either  incrusts  other  substances,  or  forms  a  separate 
deposite.  Instances  of  this  incrustation  may  be  seen  every  where 
in  the  primary  region  west  of  Connecticut  river ;  and  examples  of 
such  deposition  I  have  observed  in  Leverett,  Whately,  and  Con- 
way. These  deposites  are  sometimes  a  foot  in  thickness,  and 
occur  in  low  places,  covered  only  by  a  few  inches  of  soil. 
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Power  of  Ice  in  the  removal  of  Bowlders  in  Ponds* 

I  am  not  aware  that  this  pbeoomenon  has  been  noticed  on  the 
eastern  continent ;  and  it  has  been  but  rarely  observed  on  our 
own.  Its  effects  in  modifying  the  face  of  the  globe  must  be  very 
limited  ;  yet  they  deserve  enumeration. 

It  is  well  known  tbat  water,  by  an  apparent  exception  to  a  gen- 
eral laWy  expands  with  great  force  when  freezing,  and  even  far 
below  the  freezing  point.  Over  a  large  extent  of  surface  this 
efiect  may  be  very  considerable ;  and  when  bowlder  stones,  lying 
in  shallow  ponds,  become  partially  enveloped  in  the  ice,  they 
must  feel  the  effect  of  this  expansion,  and  be  driven  towards  the 
shore :  since  the  force  must  always  act  in  that  direction.  As  no 
counter  force  exists  to  bring  back  the  rock  to  its  original  position, 
the  ultimate  effect  must  be  to  crowd  it  entirely  out  of  the  pond  ; 
and  perhaps  to  this  cause  we  may  impute  the  fact,  that  on  the 
margin  of  some  ponds  we  6nd  a  ridge  of  bowlders  ;  while  the  bot- 
tom, for  a  considerable  extent,  is  free  from  them. 

The  removal  of  rock  masses  in  this  manner  was  first  noticed  in 
Salisbury,  Ct. ;  and  a  statement  published  Jn  Vol.  9th  of  the 
American  Journal  of  Science.  I  have  seen  no  similar  instance  in 
Massachusetts;  but  Rev.  Sylvester  Holmes,  of  New  Bedford, 
informs  me,  that  an  undoubted  example  of  these  travelling  bowlders 
exists  in  a  pond  in  Carver,  Plymouth  county ;  and  that  their 
track  in  the  mud  is  quite  obvious. 

Action  of  the  Sea  upon  the  Coast. 

It  would  not  be  proper  in  this  place  to  go  into  the  minute  de- 
tails of  this  subject.  Where  the  combined  and  often  conflicting 
agency  of  breakers,  tides,  currents,  and  rivers  at  their  mouths,  is 
to  be  taken  into  the  account,  it  is  obvious  that  very  complicated 
effects  must  result :  yet  in  general  it  may  be  stated,  that  the  sea 
sometimes  encroaches  upon  the  land,  and  sometimes  makes  addi- 
tions to  it.  Whether  upon  the  whole  these  effects  are  balanced, 
b  a  question  upon  which  geologists  are  divided  in  opinion.  My 
object  is  merely  to  state  such  facts  as  have  fallen  under  my  notice 
in  respect  to  the  coast  of  Massachusetts. 

Encroachments  of  the  Sea. 

The  most  remarkable  example  of  this  occurs  in  Boston  Harbor. 
Here,  as  is  well  known,  are  numerous  picturesque  islands,  the 
inner  ones,  nearly  as  far  as  the  Boston  Light,  being  composed 
chiefly  of  diluvium ;  though  on  their  shores,  at  a  low  level,  not 
unfrequently  we  fijid  argillaceous  slate  and  other  rocks  that  occur 
on  tbe  main  land*      But  all  the  islands  outwards  from  the  Great 
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Brewster,  are  merely  Daked  masses  of  rock,  and  it  would  be  nat- 
ural to  infer  that  the  diluvium  had  been  removed  from  these,  even 
if  we  did  not  actually  detect  the  process.  But  on  the  Great 
Brewster,  the  work  is  going  on  before  our  eyes.  Its  eastern  side 
is  a  high  bank  of  diluvium,  obviously  wasting  away  by  the  action 
of  the  waves  that  roll  in  upon  it  from  the  wide  Atlantic  ;  while  tbe 
extensive  beach  along  its  southern  side,  is  composed  of  the  mate- 
rials that  have  been  swept  away  from  its  outer  coast.  The  same 
process  is  seen  going  on  upon  the  outer  side  of  several  other 
islands  ;  and  on  Deer  Island  an  extensive  wall  of  stone  has  been 
erected  by  the  U.  States  Government  to  arrest  the  progress  of  this 
degradation ;  which,  if  continued  much  longer  there,  would  lay 
open  the  inner  part  of  Boston  Harbor  to  the  fury  of  the  north- 
easterly storms.     From  the  same  cause  another  of  these  islands, 

(I  have  forgotten  which,)  when  seen 
from  the  northeast,  exhibits  an  outline 
as  regular,  and  with  a  single  house  flear 
its  centre,  as  fantastic  as  this  drawing. 
It  seems  to  me  that  no  man,  accustomed  to  reason  correctly 
from  geological  facts  to  their  causes,  can  hesitate,  in  view  of  the 
appearances  which  these  islands  exhibit,  to  infer  that  all  those 
outside  of  the  Great  Brewster  have  been  deprived  of  their  dilu- 
rial  coat  by  the  action  of  the  ocean.  Nor  when  we  consider  the 
frequency  and  violence  of  northeast  winds  and  storms  upon  this 
coast,  need  we  fear  that  the  cause  is  inadequate  to  the  eSecX ;  al- 
though it  is  not  less  than  two  and  a  half  miles  from  tbe  Great 
Brewster  to  the  outermost  of  the  Graves.  It  does  not,  indeed, 
follow,  that  all  tbe  intervening  space  between  these  outer  islands 
was  once  solid  land  ;  so  that  the  ocean  has  actually  worn  away  2 
1-2  miles ;  and  yet,  this  seems  highly  probable.  Indeed,  the 
mind  is  irresistably  led  to  inquire  whether  the  whole  harbor  has 
not  been  produced  by  the  same  cause  ;  and  when  we  see  so  many 
islands  scattered  over  its  bosom,  which  seem  obviously  the  wrecks 
of  one  continuous  diluvial  formation,  and  perceive  that  the  rocks, 
wherever  they  occur,  are  only  a  continuation  of  those  occurring  on 
the  mainland,  the  most  cautious  reasoner  can  hardly  avoid  the 
conclusion  that  such  was  the  origin  of  this  harbor :  or,  at  least, 
that  this  was  a  powerful  auxiliary  cause  in  its  formation.  Nay, 
it  is  difficult  to  see  why  the  same  reasoning  will  not  apply  to  the 
whole  of  Massachusetts  Bay ;  and  when  we  see  with  what  tre- 
mendous force  the  ocean  must,  for  ages,  have  battered  the  hard 
sienitic  rocks  of  Cape  Ann,  and  what  an  immense  accumulation 
of  sand,  gravel,  and  bowlders,  has  been  made  along  the  south 
shore  of  this  Bay  we  feel  almost  prepared  to  adopt  this  theory. 
And  yet,  we  are  staggered  in  our  belief  when  we  reflect  on   the 
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immeose  period  of  time  requisite  for  such  a  work ;  and  doubt 
whether  other  geological  facts  do  not  indicate  a  later  commence- 
ment to  the  present  order  of  things  on  the  globe. 

The  proper  place  for  learning  the  dynamical  effect  of  northeast 
storais  upon  our  coast,  is  on  the  north  east  side  of  Cape  Ann, 
Rocks  of  many  tons  weight  have  been  is  this  manner  moved  from 
their  beds,  and  driven  inward  a  considerable  distance.  One  has 
only  to  visit  this  coast  to  be  astonished  at  the  marks  everywhere 
exhibited  of  the  powerful  agency  of  a  stormy  ocean,  and  to  be 
satisfied  that  nothing  but  the  extreme  hardness  and  unstratified 
structure  of  the  rocks  has  enabled  them  to  resist  its  violence. 
And  when  we  learn  that  the  rocks  of  Boston  Harbor  are  softer  and 
schistose,  we  see  a  sufficient  reason  why  they  have  given  way  be« 
fore  the  breakers  ;  while  Cape  Ann,  and  the  shores  of  Cobasset 
and  Scituate  maintain  their  position. 

Since  the  publication  of  the  first  edition  of  this  Report,  T  have 
reeeived  the  following  statement  from  Mr.  Benjamin  Haskell  of 
Sandy  Bay,  on  the  northeast  side  of  Cape  Ann,  illustrative  of 
the  power  of  the  stormy  waves  of  the  ocean  upon  that  coast. 

'  The  northeast  extremity  of  this  Cape,  known  by  the  name  of 
Flat  Point,  differs  from  the  general  features  of  the  coast,  by  ex- 
tending into  the  sea  with  a  gradual  slope,  instead  of  the  bolder  as** 
pect  of  the  adjacent  shore.  Upon  this  point  the  sea  beats  during 
a  northeast  storm  with  a  violence  conceivable  only  to  those 
who  have  witnessed  it.  Here,  at  the  distance  of  from  60  to  100 
feet  above  high  water  mark,  lies  what  a  farmer  would  call  a  winrow 
of  bowlders,  which  there  is  every  reason  to  believe  have  been 
thrown  up  within  a  few  years.' 

'  These  bowlders  ai^  irregular  in  form,  and  angular,  their  corners 
being  scarcely  rounded  by  attrition.  They  exceed  in  size  anj 
thing  of  the  kind  in  this  vicinity.  A  number  of  them  would  weigh 
10  or  15,  and  some  even  20  tons.  But  there  is  one  far  more  in* 
teresting  than  all  the  rest;  both  on  account  of  its  greater  bulk,  and 
comparative  regularity  of  shape,  which  renders  the  former  easy 
to  be  estimated,  and  thus  affords  the  means  of  ascertaining  the 
maximum  force  of  the  Ocean  in  its  anger.  This  rock  was  origin- 
ally attached  to  a  ledge  about  5  feet  above  the  level  of  the  sea. 
The  broken  surfaces  correspond  so  exactly  as  leave  no  room  to 
doubt  from  whence  it  was  detached.  From  this  spot  to  the  spot 
where  it  now  lies,  the  direction  is  south,  a  little  westerly.  The 
distance  106  feet:  but  between  the  two' positions  there  is  a  hol- 
lowing of  the  ledge  (not  a  recent  one)  over  which  it  must  have 
passed,  so  that  the  ascent  of  the  rock  up  this  old-fashioned  railway 
cannot  have  been  less  than  10  feet.' 
'The  weight  of  this  bowlder  has  been  calculated  with  care,  due 
16 
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allowaDce  having  been  made  for  irregularities  of  surface,   and 
found  to  be  rising  of  28  tons.     What  an  illustration  ofHydrodyna- 
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Several  clifis  of  clay  and  sand  along  the  coast  exhibit  the  com- 
bined effects  of  the  ocean,  rains,  frost,  be,  in  wearing  away  the 
land.  In  Chilmark,  on  Martha's  Vineyard,  is  one  of  these  facing 
the  southeast,  and  at  least  a  mile  in  length.  It  is  now  rare  that 
the  breakers  nse  high  enough  to  impinge  directly  against  the  cliff  : 
but  they  wash  away  whatever  materials  have  been  brought  down 
by  the  rains.  Gay  Head,  which  is  the  western  extremity  of  the 
same  island,  presents  a  cliff  of  variegated  clays,  sands,  be,  not 
less  than  150  feet  high  ;  and  which  standing  exposed  to  the  buf- 
fetings  of  winds  and  waves  from  the  sea,  and  to  the  wastes  of 
storms  from  above,  exhibits  perhaps  the  most  instructive  example 
along  the  shore,  of  the  effects  of  these  agents.  In  the  second 
part  of  my  Report,  I  described  this  cliff  as  a  most  picturesque  ob- 
ject of  scenery ;  but  there  is  not  likewise  a  more  interesting  spot 
in  the  State,  to  the  Geologist.  And  among  other  things  he  cannot 
but  notice  the  numerous  fantastic  forms  into  which  the  lofty  mass- 
es of  chy  have  been  worn,  while  the  numerous  bowlders  and 
pebbles  along  the  beach  attest  the  violent  action  of  the  sea.  The 
following  sketch,  hastily  taken,  will  give  some  idea  of  the  aspect 
of  the  northwestern  part  of  this  cliff,  as  seen  by  a  person  standing 
on  the  beach  below,  close  to  the  water.  To  exhibit  it  in  perfec- 
tion, the  various  lively  colors  of  the  different  kinds  of  clay  should 
be  put  upon  it. 


Oblique  view  of  the  Clay  Cliffe  at  Gay  Head. 

A  Similar  bank  of  clay  occurs  at  the  Light  House  in  Truro,  near 
the  extremity  of  Cape  Cod.     It  lies  exposed  to  the  unbroken  fury 
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of  tbe  wide  Adantic,  and  the  marks  of  slow  eocroacbment  upoa 
the  land  are  quite  manifest.  Indeed^  it  is  the  prevailing  opinion 
in  that  region,  that  this  Cape  is  wearing  away  along  tbe  whole  ex- 
tent of  its  eastern  extremity,  and  extending  farther  into  Massa- 
chusetts Bay  on  the  opposite  side.  I  have  no  doubt  that  this  is 
the  case.  For  the  general  current  on  that  coast  is  towards  the 
south. 

The  same  I  presume  is  true  of  a  considerable  portion  of  tbe 
eastern  shore  of  Nantucket.  From  data,  on  which  Lt.  Prescott 
places  considerable  confidence,  be  infers,  that  in  one  place,  the  loss 
of  land  within  half  a  century,  has  amounted  to  3  or  4  rods  in 
width. 

This  advance  of  the  ocean,  however,  must  not  all  be  imputed  to 
the  action  of  currents.  For  when  once  a  sand  bank  of  consider- 
able height  has  been  raised  on  the  coast,  the  sea  breezes  will  drive 
it  inwards  farther  than  tbe  land  breezes  will  bring  it  back.  This 
inland  march  is  quite  obvious  on  Chatham  Beach,  in  tbe  situa- 
tion af  a  swamp,  which,  50  years  ago,  was  in  the  centre  of  the 
beach  ;  but  now  lies  near  tbe  eastern  shore ;  the  body  of  the  sands 
having  moved  farther  west.  A  salt  meadow  formerly  situated  on 
the  western  side  of  tbe  ^beach,  adjoining  the  old  north  passage 
into  Chatham  harbor,  has  been  covered  up,  and  now  begins  to  be 
disinterred  .on  the  eastern  shore.  A  similar  change  of  sides  has 
taken  place  in  a  peat  swamp  on  Nauset  Beach  ;  which  lies  north 
of  Chatham  Beach,  joining  the  mainland  at  Eastham. 

I  have  described,  in  the  second  part  of  this  Report,  two  exca- 
vations in  solid  rock  in  Newport,  Rhode  Island  ;  one  of  which  is 
called  Purgatory ;  and  these  may  be  taken  as  a  good  example  of 
the  action  of  tbe  sea  upon  a  rocky  shore. 

Gain  of  the  land  upon  the  Sea. 

Very  frequently  the  materials  that  have  been  swept  away  by 
the  sea,  are  again  deposited  by  tides  and  currents  along  the  same 
coast,  forming  low  beaches.  Thb  is  the  case  in  nearly  all  tbe  in- 
stances on  our  coast  where  the  land  is  wasting  away.  Perhaps  the 
most  remarkable  example  is  Chatham  Beach,  at  the  southeastern 
extremity  of  Cape  Cod,  which  was  probably  all  formed  in  this 
manner.  On  the  Cape  I  was  informed  that  this  beach  had  advan- 
ced southerly,  during  the  last  40  years,  at  the  rate  of  a  mile  in 
eight  years.  Des  Barres  constructed  a  chart  of  this  coast  in  1772, 
and  he  says  that  the  gain  of  this  beach,  for  30  years  previous  to 
that  period,  was  2  1-2  miles,  that  is  a  mile  every  12  years. 

An  intelligent  writer  in  the  Barnstable  Journal,  however,  has  re- 
;Centiy  stated  that  it  has  advanced  southerly  only  three  miles  in  70 
jyeais.     He  says  that  20  years  ago,  this  beach  was  an  island ;  and 
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tbftt  there  was  ft  godd  harbor  near  its  northera  termiDfttioDy  which 
is  now  entirely  filled  up  ;  so  that  no  identation  of  the  coast  marks 
Its  former  sitoation.  Webb's  island ,  also,  situated  not  far  frooa 
this  harbor,  is  entirely  washed  away.  In  consequence  of  these 
changes,  it  is  well  known  that  the  harbor  of  Chatham,  once 
excellent,  is  nearly  ruined ;  and  nothing  can  save  It  from  com* 
plete  destruction  but  the  forming  of  a  new  entrance. 

Nauset  Beach,  already  referred  to,  has  likewise  extended,  ac- 
cording to  the  same  writer,  a  mile  southerly  in  50  years ;  and  it 
can  extend  no  farther  in  that  direction.  In  Nauset  harbor  the  salt 
marsh  has  so  much  increased  within  40  years,  that  800  tons  of  salt 
•grass  are  now  cut  where  at  that  time  only  flats  existed. 

Monomoy  Beach  extends  southerly  from  Chatham  towards  Nan- 
tucket ;  and  has  been  formed  in  a  similar  manner  by  increments 
ftt  its  southern  extremity.  Not  long  ago  the  sea  broke  across  the 
northern  part  of  this  beach,  so  that  it  is  now  an  island. 

Sandy  neck  extends  eastward  from  Sandwich,  nearly  across  Barn- 
stable harbor,  and  it  continues  to  advance  in  an  easterly  direction. 
There  can  be  little  doubt,  also,  that  nearly,  or  quite  the  whole  of 
Provincetown  was  formed  in  the  same  manner,  and  ought  to  be  re- 
garded as  alluvial. 

In  like  manner  Smith's  Point,  which  is  a  low  sand  beach  con- 
stituting the  southwestern  extremity  of  Nantucket,  has  been  pro- 
duced by  materials  drifted  thither  by  tides  and  currents  from  the 
eastern  side  of  the  island.  When  Des  Barres  constructed  fiis 
chart,  its  extent  was  nearly  the  same  as  at  present.  But  since 
that  time,  as  Lt.  Prescott  informs  nke,  it  has  been  from  one  to  two 
miles  shorter.  Whether  the  current  that  forms  this  beach  passes 
around  the  northern  point  of  the  island,  or  along  its  southern  shore, 
has  not  been  ascertained  :  but  it  is  certain  that  a  current  does  set 
around  the  northern  point,  and  thence  along  the  noilhwestern 
shore,  as  certain  facts  prove,  which  I  have  not  space  to  mention. 
And  probably  it  is  this  current  chiefly  which  has  formed  Smith's 
Point ;  and  not  unlikely,  also,  the  islands  of  Thuckanuck  and 
Muskeeut,  as  well  as  the  extensive  shoals  between  Nantucket  and 
Marthrs  Vineyard.  It  may  be  likewise,  that  another  current 
passes  along  the  south  shore  of  Nantucket,  aiding  in  this  work,  and 
forming  Nantucket  Shoals.  And  perhaps  the  irregular  action  of 
these  currents,  aided  by  unequal  tides,  may  sometimes  lengthen 
out,  and  at  other  times  curtail  the  low  beach  of  Nantucket  called 
Smith's  Point. 

In  several  other  pbces  on  the  shores  of  Nantucket,  there  ap- 
pears to  have  been  an  accession  to  the  land,  in  the  manner  that 
has  been  described.  But  I  am  too  ignorant  of  deujis  concerning 
these  -spots,  to  be  able  t^  malce  any  statements  of  interest  about 
their  progress  or  extent. 


Digitized  by  VjOOQIC 


Dimes  or  Down$.  137 

ConsideratioDs  like  tbe  foregoing,  often  lead  a  man  to  feel  as  if 
sach  low  sandj  islands  as  Nantucket,  and  others  in  its  neighbor- 
hood, were  sliding  from  under  bis  feet.  But  that  no  general 
change  of  position  has  taken  place  in  them  is  obvious  from  the 
feet,  that  most  of  the  cliffi  on  the  shores  of  Nantucket  at  least, 
exhibit  regular  layers  of  sand  and  clay,  demonstrating  its  general 
structure  to  be  that  of  a  tertiary  formation,  which  has  never  been 
removed  since  its  original  deposition.  True,  if  the  world  exist 
long  enough,  and  these  agencies  continue  to  operate,  the  whole 
island  will  change  its  position.  But  as  the  work  has  progressed 
so  slowly  during  the  past  6000  years,  the  time  requisite  for  its 
completion  must  be  immensely  great. 

Dunes  or  Downs. 

Sand  is  frequently  thrown  by  the  spray,  or  waves,  during  a 
storm,  so  high  upon  the  shore,  that  the  reflux  waves  do  not  carry 
it  back.  This  being  dried  by  the  sun,  is  driven'  inwards  by  the 
sea  breezes,  and  in  the  course  of  time  forms  hills  of  considerable 
elevation.  Or  sometimes  the  wind  from  the  sea  raises  the  sand 
from  a  cliff  of  tertiary  formation,  and  carries  it  inland.  Thus  are 
formed  those  moving  sand  hills,  which  on  the  eastern  continent,  are 
called  dunes  or  downs,  and  which  have  excited  so  much  interest 
near  tbe  banks  of  the  Nile.  As  might  be  expected,  these  dunes 
are  common  along  tbe  shore  in  the  southeastern  part  of  Massachu* 
setts.  They  may  be  seen  in  the  greatest  perfection  and  on  the 
largest  scale,  on  Cape  Cod;  particularly  near  its  extremity. 
They  are  frequently  as  high  as  60  or  70  feet,  and  on  tbe  east  end 
of  the  Cape,  they  move  towards  the  west,  but  at  what  rate,  in  any 
instance,  I  was  unable  to  ascertain.  A  series  of  these  dunes,  sev- 
eral miles  long,  threatens  the  village  and  bay  of  Provincetown,  and 
large  quantities  of  the  beach  grass  have  been  transplanted  to  their 
ridges  for  the  purpose  of  arresting  their  progress.  I  observed  also, 
that  tbe  two  species  of  the  Uudsonia,  which  are  common  on  the 
Cape,  present  no  small  obstacle  to  the  advancement  of  these 
sands ;  though  never  transplanted,  that  I  am  aware  of,  for  this  pur- 
pose. 

On  both  shores  of  Cape  Cod  throughout  its  whole  extent,  may 
be  seen  dunes  more  or  less  extensive  ;  and  by  their  snowy  white- 
ness they  sometimes  give  great  interest  to  the  landscape.  I  cannot 
learn  that  any  of  them  have  been  productive  of  such  extensive 
mischief  to  farms  and  villages  as  has  sometimes  resulted  from  their 
pit^jtess  on  the  eastern  continent.  It  would  be  strange,  however, 
if  £e  future  history  of  Cape  Cod  should  not  contain  catastrophes 
of  this  kind.  Indeed,  I  have  stated  that  they  have  aided  in  filling 
up  tbe  harbor  of  Chatham  already. 
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Dunes  of  small  extent,  and  of  low  elevatioD,  oocar  oo  Nan- 
tucket, Martha's  Vineyard,  some  of  the  Elizabeth  islands,  and 
in  many  places  along  the  coast  in  the  county  of  Plymouth.  Move- 
able sand  hills  also  occur  rarely  in  the  interior  of  the  State  ;  as, 
for  instance,  in  the  Connecticut  valley,  in  Montague,  Hadley,  and 
in  Enfield,  Cc.  But  concerning  these  I  know  of  no  facts  of  spe- 
cial interest,  except  that  they  are  slowly  advancing  towards  the 
southeast ;  indicating  the  predominance  of  northwest  winds. 

Valleys. 

Accurately  to  classify  valleys,  and  assign  probable  causes  for 
their  origin,  is  one  of  the  most  difficult  problems  in  geology.  The 
man  who  takes  only  a  hasty  glance  at  the  subject,  is  very  apt  to 
impute  all  valleys  to  the  action  of  existing  streams.  But  it  needs 
only  a  slight  examination  to  satisfy  the  oteerver  that  such  a  cause 
is  totally  inadequate  to  the  efiect.  It  will  not,  for  example,  explain 
the  very  common  occurrence  of  one  valley  crossing  another. 
Hence  geologists  have  been  obliged  to  resort  to  several  causes  to 
explain  aH  the  phenomena.  The  origin  of  one  class  of  vallies, 
they  refer  to  the  original  elevation  and  fracture  of  the  rocks  by  a 
force  acting  from  within  the  earth,  and  hence  sometimes  called 
valleys  of  dislocation.  A  second  class  they  regard  as  the  result  of 
diluvial  action  at  various  periods,  and  hence  called  valleys  of  de- 
nudation. A  third  class  they  suppose  to  result  from  the  agency  of 
existing  streams. 

I  am  not  aware  that  any  attempt  has  yet  been  made  to  classify 
and  point  out  the  origin  of  the  valleys  of  this  country.  Nor  shall 
I  attempt  to  do  this  in  respect  to  all  the  valleys  even  in  Massachu- 
setts. I  have  no  expectation  of  doing  any  thing  like  justice  to  so 
difficult  a  subject,  except  where  long  local  residence  has  affiirded 
ample  opportunity  for  re-examination  and  reflection.  I  shall  there- 
fore confine  myself  chiefly  to  the  valleys  in  the  region  of  Con- 
necticut river ;  though  if  I  do  not  greatly  mistake,  these  are  by 
far  the  most  remarkable  and  interesting  in  the  State. 

It  is  only  those  valleys  which  are  the  result  of  alluvial  action 
that  can  be  properly  considered  in  this  place.  But  as  it  will  be 
more  convenient  to  treat  of  the  whole  subject  together,  I  shall  here 
offer  all  the  remarks  I  have  to  make  upon  it. 

It  is  now  generally  admitted  by  geologists,  that  all  stratified  rocks 
must  have  been  originally  deposited  in  nearly  horizontal  layers, 
and  subsequently  elevated  to  their  present  inclined  position  by  a 
force  acting  beneath.  Such  a  disturbance  must  have  produced 
many  violent  and  extensive  fractures  in  the  strata  and  valleys .  of 
every  shape.  And  since  in  the  mountainous  parts  of  Massachu- 
setts, the  strata  are  mostly  primary  and  highly  inclined,  probably 
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this  is  the  manner  in  which  most  of  our  mountain  valleys  have 
been  produced.  If,  as  is  now  also  generally  admitted,  the  strata 
were  elevated  from  the  bottom  of  the  ocean,  the  retiring  waters 
must  have  acted  powerfully  upon  the  irregular  surface,  and  consid- 
erably modi6ed  the  forms  of  the  valleys.  The  agency  of  rains, 
snows,  and  rivers,  since  that  period,  must  have  given  them  still 
farther  modi6cations.  Nor  ought  we  to  leave  out  of  the  account 
any  other  deluges  of  a  date  subsequent  to  that  of  the  elevation  of 
the  strata,  that  may  have  swept  over  the  land. 

The  valleys  through  which  the  Connecticut  and  its  tributaries 
flow,  are  the  largest  and  roost  remarkable  in  the  State.  The  or- 
dinary laws  of  physical  geography  seem  here  to  be  set  at  de6ance  ; 
so  much  so,  that  a  late  ingenious  writer  *  doubted  whether  [  had 
correctly  represented  the  'Geology  of  the  Connecticut,'  because 
the  course  of  the  rivers,  and  the  direction  of  the  mountain  ridges, 
were  described  as  having  so  little  correspondence  with  the  rock 
formations.  But  the  features  of  the  geology,  as  well  as  of  the 
scenery,  along  this  river,  are  too  obvious  to  be  easily  mistaken  ip 
their  great  outlines,  which  are  alone  concerned  in  this  inquiry. 
The  relation  of  the  rivers  to  the  different  mountain  ridges  and  rock 
formations,  I  hope  to  render  intelligible  by  the  aid  of  the  accom- 
panying Map,  (See  Plate  XV.)  on  which  are  traced  only  the 
chief  outlines  oi  the  surface.  To  present  all  the  smaller  irregu- 
larities of  surface,  I  found  would  only  obscure  the  points  which  I 
wish  to  illustrate. 

That  portion  of  the  valley  of  the  Connecticut  to  which  I  shall 
specially  refer  at  this  time,  extends  from  near  the  north  line  of 
Massachusetts  to  Long  Island  Sound  at  New  Haven.  It  is  bounded 
by  broad  and  generally  lofty  primary  mountains ;  which,  at  the 
northern  and  southern  extremities  of  the  valley,  converge  until 
they  almost  meet,  as  may  be  seen  on  the  Map.  They  are  farthest 
asunder  about  in  the  latitude  of  Hartford.  This  valley  is  divided 
diagonally  by  a  ridge  of  greenstone ;  commencing  on  the  south 
with  West  Rock  at  New  Haven,  and  extending,  with  few  interup- 
tions,  to  Easthampton,  where  it  attains  an  elevation  of  about 
1000  feet,  and  forms  Mount  Tom.  Here  it  crosses  the  Connect- 
icut, and  on  the  opposite  bank,  forms  Mount  Hoiyoke ;  and  con- 
tinuing a  few  miles  farther,  terminates  in  Belchertown,  as  already 
described  in  the  second  part  of  thb  Report.  This  greenstone 
range  is  separated  by  vallies  from  the  primary  ranges  at  its  extrem- 
ities ;  and  there  are  several  places  where  it  almost  entirely  disap- 
pears, as  at  the  point  in  Hamden,  thr9ugh  which  passes  the  Far- 
mington  Canal :  unless  any  are  disposed  to  regard  Mount  Carmel 

•  Oarbjr's  View  of  the  United  States,  p.  164. 
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in  that  town,  as  the  southera  extremity  of  the  range,  and  the  hills 
to  the  southwest,  as  a  distinct  range.  Several  other  bills  and  ele* 
vated  ridges  of  less  extent,  occur  in  this  valley  ;  but  it  is  unneces- 
sary in  this  place  to  describe  them. 

In  tracing  the  Connecticut  through  this  valley,  the  geologist 
will  be  surprised  to  find  it  crossing  the  greenstone  ridge  above  de- 
scribed, and  that  too  in  its  highest  part,  viz.  through  the  goi^e  be- 
tween Holyoke  and  Torn.  For  he  will  naturally  inquire,  why  did 
not  the  river  flow  through  that  part  of  the  valley  west  of  the  ridge  ; 
and  following  the  course  of  the  Farmington  Canal,  empty  at  New 
Haven  ?  For  it  appears  from  the  surveys  on  that  Canal,  that  in 
DO  place  is  that  part  of  the  valley  more  than  134  feet  above  the 
present  level  of  the  Connecticut  at  Northampton  ;  whereas  the 
ridge  through  which  it  passes  is  from  800  to  1000  feet  high.  But 
the  surprise  of  the  geologist  will  be  still  farther  increased,  when  he 
finds  this  river  at  Middletown,  quitting  the  great  valley  above  de- 
scribed, and  passing  over  the  remainder  of  its  course  through  a 
deep  ravine  among  primary  mountains. 

What  inference  shall  we  deduce  from  these  remarkable  facts  ? 
Why,  surely,  that  Connecticut  river  did  not  excavate  its  own  bed  ; 
ibr  had  the  barriers  at  Northampton  and  Middletown  been  higher 
than  134  feet,  above  its  present  bed,  it  roust  have  emptied  into 
the  Sound  at  New  Haven.  We  must  seek  some  other  cause,  there- 
fore, for  the  origin  of  the  passage  between  Holyoke  and  Tom, 
and  for  that  through  the  mountains  below  Middletown. 

Another  inference  is,  that  if  the  Connecticut  ever  formed  a  lake 
in  its  present  valley,  it  must  have  been  rather  limited  and  shallow. 
For  every  place  100  feet  higher  than  Northampton  meadows  at 
present,  must  have  been  above  the  waters.  It  may  perhaps  be 
tlKMight  that  a  barrier  might  have  formerly  existed  at  New  Haven, 
which  was  subsequently  worn  tlown.  But  this  would  have  been  too 
mighty  a  work  for  any  transient  deluge  to  accomplish ;  and 
the  idea  that  the  land  was  for  a  long  time  sunk  beneath  the  ocean 
after  the  existence  of  the  river,  so  as  to  be  acted  on  by  currents, 
cannot  be  admitted,  because  this  would  have  destroyed  the  river. 
Tbe  existence  of  an  extensive  tertiary  formation  along  the  Con- 
necticut, however,  with  horizontal  strata,  fenders  it  probable  that 
this  river  did  once  form  a  lake  in  its  present  valley  ;  though  I  have 
not  been  able  to  determine  certainly  whether  this  tertiary  formation 
was  formed  beneath  fresh  or  salt  water. 

Not  less  remarkable  than  that  of  the  Connecticut,  are  the  beds 
of  its  principal  tributaries,  the  Deerfield,  the  Westfield,  and  the 
Farmington  rivers.  As  may  be  seen  on  tbe  Map,  these  all  cross 
a  high  ridge  of  greenstone  before  they  reach  the  Connecticut ; 
and  in  the  case  of  Deerfield  river  particulady,  tbe  gorge  through 
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which  it  passes,  not  less  than  250  feet  deep,  appears  as  if  it  must 
have  been  worn  down  for  the  express  purpose  of  suffering  the 
river  to  pass.  And  yet,  this  river  bas  only  to  rise  80  or  90  feet 
above  its  present  bed,  in  order  to  find  a  direct  passage  to  Connec* 
ticut  river  on  tbe  soufh  side  of  Sugar  Lioaf  mountain.  And  so 
the  Westfield  and  tbe  Farmington  migbt  have  passed  down  the 
western  part  of  the  Connecticut  valley,  and  emptied  at  New  Ha- 
ven, had  their  beds  been  100  or  130  feet  higher  than  at  pres- 
ent. And  such  must  bave  beeR  the  course  which  all  these  rivers 
would  have  taken,  had  not  tbe  gorges  through  which  they  now 
pass  in  the  greenstone  ridges,  been  excavated  for  them  before  ihey 
began  to  flow,  at  least,  to  a  considerable  depth. 

The  direction  of  the  primary  strata,  and  the  general  course  of 
the  valleys  ip  the  mountainous  region  on  the  west  side  of  the  Con- 
necticut valley,  is  north  and  south.  But  instead  of  follow- 
ing these  valleys,  Deerfield  and  Westfield  rivers  flow  through 
ravines,  running  in  general  across  the  strata,  and  across  the  gen- 
eral course  of  the  valleys.  These  ravines  are,  for  the  most  part, 
very  narrow  and  deep,  and  the  edges  of  the  strata  on  their  oppo- 
site sides  correspond.  It  seems  difficult  to  suppose  that  these 
rivers  have  produced  these  ravines;  and  yet,  since  no  similar  ones 
occur  in  the  region,  one  hesitates  to  say  that  they  were  not  formed 
by  fluviatile  action.  There  is  not  certainly  the  same  means  of 
proving  their  existence  previous  to  that  of  tbe  rivers,  as  in  regard  to 
the  gorges  already  described,  through  which  these  rivers  and  the 
Connecticut  flow.  Concerning  the  passage  of  Farmington  river 
through  the  primary  regions,  I  am  too  ignorant  to  be  able  to  make 
any  definite  statements. 

Terraced  Valleys. 

Although  there  is  demonstrative  evidence,  that  the  rivers  under 
consideration  did  not  in  all  cases  first  excavate  the  valleys  through 
which  they  flow,  yet  there  is  on  tbe  other  hand,  evidence  scarcely 
less  conclu^ve,  that  they  have,  considerably  lowered  their  beds 
since  they  began  to  flow.  Between  the  primary  mountains,  from 
whence  Deerfield  and  Westfield  rivers,  for  example,  issue,  and 
tbe  greenstone  ridges  through  which  they  pass,  they  have  formed 
alluvial  basins,  somewhat  extensive,  and  sunk  about  90  feet  below 
tbe  general  level  of  the  bottom  of  the  Connecticut  basin.  And  the 
banks  of  these  basins  are  in  some  places  curiously  terraced ;  the 
different  terraces  being  on  a  level  on  opposite  sides  of  the  basin. 
If  we  start  from  tbe  edge  of  the  stream  at  low  water,  and  ascend 
a  bank  of  10  to  15  feet  high,  we  shall  come  upon  an  alluvial 
meadow,  which  is  frequently  overflowed  ;  and  is  consequently  re- 
ceiving yearly  deposits.     This  may  be  regarded  as  tbe  lowest  ter^ 
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race.  Crossing  this^  we  ascend  the  escarpment  of  a  second  ter- 
race^ 30  or  40  feet  in  height^  which  may  be  seen  at  intervals  on 
the  same  level  on  all  sides  of  the  meadow.  This  second  terrace 
is  rarely  very  wide  in  any  place,  and  seems  to  be  only  the  rem* 
nants  of  a  meadow,  once  much  more  extensive,  which  has  been 
worn  away.  Ascending  from  this  second  terrace,  40  or  50  feet, 
up  another  escarpment,  we  reach  the  plain  that  forms  the  bottom 
of  the  great  valley  of  the  Connecticut.  This  constitutes  the  up- 
.   per  terrace. 

The  above  description  applies  to  the  principal  terraces  existing 
on  Westfield  river,  one  or  two  miles  west  of  the  village,  as  well  as 
those  one  or  two  miles  east ;  and  to  those  in  Deerfield  meadows, 
as  well  as  those  on  the  same  river  in  the  upper  part  of  Cbarle- 
mont.  Smaller  ones  occur  farther  up  the  stream  on  Westfield 
river ;  also  on  one  of  its  tributaries ;  and  on  Green  river,  a  tribu- 
tary of  the  Deerfield.  I  have  also  noticed  imperfect  terraces  on 
Blackstone  river,  below  Worcester.  One  quite  distinct  may  be 
seen  in  West  Brookfield,  on  a  small  branch  of  the  Chickopee, 
which  passes  through  that  place.  In  short,  terraces  more  or  less 
distinct,  exist  on  almost  every  stream  of  much  size  in  the  State, 
wherever  the  banks  are  low  enough  to  admit  of  alluvial  flats. 

The  banks  of  the  Connecticut  are  less  distinctly  terraced  in 
Massachusetts,  than  the  smaller  streams  that  have  been  noticed. 
Yet  they  exist  on  that  river  in  several  places  within  the  limits  of 
the  appended  geological  Map.  In  Vernon,  a  few  mil^s  south  of. 
Brattleborough  village,  two  quite  distinct  terraces  may  be  seen  on 
the  west  bank  of  the  river.  Between  Turner's  Falls  and  the 
mouth  of  Miller's  river,  the  same  number  appear,  though  less  dis- 
tinct. In  passing  southerly,  we  find  the  same  number  on  the  west 
bank,  in  Pine  Nook  meadows,  in  the  southeast  part  of  Deerfield. 
In  the  south  part  of  Sunderland,  and  north  part  of  Hadley,  on  the 
east  side  of  the  river,  two  terraces  appear,  although  they  are  at  a 
greater  distance  than  usual  from  the  river.  Traces  of  them  ap- 
pear also,  in  Springfield  and  West  Springfield.  In  most  of  these 
cases  they  are  discoverable  on  only  one  side  of  the  river. 

This  peculiar  arrangement  of  the  sidles  of  valleys,  although 
scarcely  ever  noticed  by  geological  writers  in  this  country,  appears 
to  be  very  common  on  both  sides  of  the  Atlantic.  Dr.  Bigsby 
notices  a  striking  case  in  Lower  Canada ;  and  Dr.  Maccullocb 
represents  them  as  numerous  in  Scotland.  Tliey  appear  to  be  a 
distinct  phenomenon  from  the  Parallel  Roadsy  so  ably  described 
by  the  last  named  writer.* 

No  observer  will  doubt  but  terraced  valleys  were  produced,  in 
some  way*or  other,  by  the  streams  that  now  flow  through   them. 

«  Geological  Transactions,  Vol.  IV.  p.  314. 
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And  it  is  natural  to  impute  them  to  the  sudden  bursting  of  the  bar- 
riers  of  a  pond  or  lake,  through  which  the  stream  flowed  ;  or  to 
the  sudden  removal  of  an  obstruction  in  a  river,  whereby  its  bed 
was  rapidly  deepened  in  soft  soil,  higher  up  the  stream  than  the 
obstruction.  If,  for  instance,  the  greenstone  barrier  through 
which  Deerfield  and  Westfield  rivers  now  pass,  had  been  suddenly 
sunk  a  number  of  feet  by  some  convulsion  of  the  earth,  or  pow- 
erftil  ice  flood,  their  beds  would  have  been  rapidly  sunk  by  the 
waters  in  the  soft  meadows  above  thti  baf'riers  ;  and  thus  terraces 
might  have  resulted.  But  I  may  be  permitted  to  doubt  whether 
any  such  sudden  reduction  of  the  river's  bed  is  necessary  to  ac- 
count for  this  phenomenon. 

LfCt  us  suppose  a  period,  when  the  bed  of  Connecticut  river,  in 
the  n^ountaninous  region  below  Middletown,  was  yet  so  elevated 
as  to  cause  the  waters  to  overflow  the  great  basin  between  New 
Haven  and  Vermont.  At  that  time,  the  mouths  of  Deerfield  and 
Westfleld  rivers  would  have  been  on  the  western  margin  of  this 
lake,  or  in  the  places  where  they  now  issue  from  the  primary 
mountains.  As  the  Connecticut  wore  down  its  bed,  the  lake 
would  gradually  drain  off,  leaving  the  tertiary  formation,  which  its 
waters  had  deposited,  perhaps  100  feet  thick  upon  an  average,  with 
an  almost  entirely  level  surface.  The  Connecticut,  having  found 
its  present  bed,  and  the  wafers  being  drained  from,  the  valley, 
Westfield  and  Deerfield  rivers  must  also  excavate  beds  in  the  ter- 
tiary formation,  above  described^,  in  their  course  to  the  Connecti- 
cut. Their  course  would  no  doubt  at  first  be  extremely  serpen- 
tine, as  that  of  rivers  usually  is,  in  flat  countries.  But  as  the  bed 
of  the  Connecticut  gradually  sunk  lower  and  lower,  so  would  the 
beds  of  its  tributaries  sink :  and*  then,  would  their  waters,  often 
swollen  by  rains,  and  obstructed  by  ice,  begin  to  wear  away  the 
projecting  banks,  and  convey  them  into  the  Connecticut.  At 
length,  the  banks  on  either  side  of  the  rivers  would  be  worn  down 
and  removed  for  a  considerable,  extent.  In  other  words,  such 
basins  as  now  exist  at  Deerfield  and  Westfield,  would  be  produced ; 
less  deep,  however,  and  destitute  of  terraces.  As  this  basin  en- 
lai^ed,  another  process^  would  comipence.  While  the  stream  wai 
confined  within  narrow  limits,  the  alluvial  matter,  brought  down 
from  the  mountains,  would  be  carried  along  to  the  Connecticut.  But 
as  the  basin  enlarged,  the  water,  when  swollen  by  rains  and  melt- 
ing snows,  would  spread  over  it,  and  becoming  more  calm,  would 
deposit  the  mud  and  sand  in  suspension.  Thus  the  new  formed 
basin  would  be  gradually  filling  up,  .and  form  an  alluvial  meadow 
But  as  the  bed  of  the  river  would  continue  to  sink,  ere  long  the 
waters  would  rarely  rise  high  enough  to  overflow  the  meadows  ; 
and  for  the  same  reason  they  could  never  be  raised  by  alluvial  de- 
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position  to  the  level  of  the  plain  through  which  the  river  first  be^ 
gan  to  flow.  The  banks  of  the  river  having  now  become  high, 
the  waters  would  again  commence  their  depredations  upon  them, 
and  scoop  out  a  second  basirt  from  the  meadows  just  described.  At 
length  all  these  meadows  would  be  carried  away  by  the  stream, 
except  occasional  patches^  which  would  form  a  terrace  around 
their  margin.  The  second  basin,  having  now  become  large  enough 
to  enable  the  overflowing  waters  to  begin  to  deposite  their  mud 
and  sand,  a  second  meadow  would  be  formed,  which  would  go  on 
rising  and  the  river  sinking,  until  the  floods  could  no  longer  spread 
over  them ;  when  a  third  basin  would  be  formed  ;  and  so  on,  as 
long  as  the  river  continued  tt>  excavate  its  bed. 

I  have  confined  this  illustration  to  the  basins  of  Westfield  and 
Deerfield  rivers,  in  order  to  render  it  more  intelligible.  But  it  can 
easily  be  applied  to  the  Connecticut,  or  any  other  river. 

Green  River. 

A  hundred  rods  south  of  the  village  of  Greenfield,  on  the  stage 
road  to  Deerfield,  Green  River,  a  tributary  of  the  Deerfield,  has 
left  indelible  traces  of  having  once  run  in  a  channel  40  or  50  feet 
above  its  present  bed.  At  that  elevation,  a  ledge  of  sandstone 
rocks  bears  the  marks  of  having  been  once  the  bed  of  the  stream, 
as  distinctly  as  if  it  had  run  there  but  yesterday.  The  water  here 
formed  a  cataract,  20  or  30  feet  high ;  and  below  the  ledge,  a 
chasm,  nearly  as  wide  as  the  present  bed  of  the  river,  is  worn  in 
the  rocks  several  rods  long,  which  communicates  with  the  present 
channel.  The  pot  holes  left  in  the  ledge  of  rock  are  some  of  them 
6  or  7  feet  deep,  and  one  or  two  feet  in  diameter.  The  hill  of 
sand  and  clay,  which  now  rises  abruptly  on  the  west  side  of  the 
present  stream,  probably  once  extended  as  far  east  as  this  cata- 
ract and  chasm!;  and  here  was  a  ridge,  which  threw  back  the  wa- 
ters of  the  stream  over  the  whole  of  Greenfleld  meadows,  4  or  5 
miles  in  extenr.  For  in  various  places  along  these  meadows,  we 
find  terraces  ;  generally  two,  but  never  more.  The  hill  of  Sand 
and  clay,  at  tliis  gorge  was  probably  worn  away  gradually ;  and  as 
the  surface  of  the  sandstone  rapidly  slopes*  towards  the  west,  this 
would  cause  the  bed  of  the  river  to  sink,  and  the  terraces  to  be 
formed.  In  this  way  the  bed  of  the  river  has  changed  laterally 
10  or  12  rods,  and  sunk  40  or  50  feet. 

Perha[)s  the  following  sketch  may  assist  in  rendering  the  precede 
ing  statement  intelligible.  It  may  not  be  entirely  correct  but  it  ex- 
hibits the  principal  features  of  the  spot. 
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a,  a,  former  bed  of  the  i^iver. 

by  by  terraces  :  these  are  in  the  upper  part  of  the  gorge,  and  not 
in  Greenfield  meadows. 

dy  dy  leyel  of  the  Connecticut  valley  :  a  tertiary  hill  with  steep 
declivity. 

€y  ty  sandstone  ledge. 

gy  Meeting  House  in  Greenfield. 

1,  $y  Stage  road  to  Deerfield. 

iy  i,  iy  successive  ridges  of  sandstone  more  elevated  than  d.  d. 

Beds  of  other  Rivers. 

Judging  only  by  the  eye,  I  think  we  may  safely  state  that  since 
the  Connecticut  and  its  tributaries  began  to  flow  through  the  great 
valley  that  has  been  described,  they  have  excavated  their  beds 
nearly  100  feet.  The  Connectjcut  at  Northampton  is  still  more 
than  100  feet  above  tide  water  at  New  Haven.  At  Springfield  it 
is  only  64  feet.  This  will  give  a  descent  from  the  latter  place  to 
the  ocean  of  only  a  foot  per  mile,  and  considerably  less  if  we 
subtract  the  height  of  Enfield  Falls.  South  Hadley  Falls  make 
the  principal  difference  between  Springfield  and  Northampton. 
Indeed,  the  medium  descent  of  this  river  from  the  foot  of  Turner's 
Falls  in  Gill,  is  probably  less  than  a  foot  per  mile.  This  is  too 
small  to  enable  the  water  to  {Produce  scarcely  a  perceptible  effect 
in  lowering  their  bed,  for  centuries,  nay,  not  enough  to  prevent 
their  filling  it  up.  So  that  probably  the  process  of  excavation  in 
the  bed  ^f  that  river,  has  nearly  ceased. 

Ice  Floods. 

There  is,  however,  one  agent  of  excavation,  that  still  operates 
to  some  extent,  even  in  the  Connecticut ;  and  that  is,  ice  floods. 
Still  more  powerful  is  their  effect  upon  smaller  and  more  rapid 
rivers.  Whoever  has  not  witnessed  the  breaking  up  of  a  river  in 
the  spring  after  a  severe  wipter,  when  its  whole  surface  has  been 
covered  by  ice  several  feet  thick,  has  but  a  faint  idea  of  the  prodi- 
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gious  force  exerted  at  such  a  time.  The  ice,  high  up  the  stream, 
is  usually  first  broken  in  pieces  by  the  swollen  waters.  Large 
masses  are  thus  thrown  up  edgewise,  and  forced  underneath  the 
unbroken  sheet,  and  the  whole  bed  of  the  stream  is  blocked  up ; 
perhaps  too,  where  the  banks  are  high  and  rocky.  The  water  ac- 
cumulates behind  the  obstruction  until  the  resistance  is  overcome  ; 
and  the  huge  mass  of  water  and  ice  urges  on  its  way,  crushing 
and  jamming  together  the  ice  which  it  meets,  and  thus  gaining  new 
strength  at  every  step.  Often  for  miles  the  stream,  prodigiously 
swollen,  is  literally  crammed  with  ice,  so  that  the  water  disap- 
pears ;  and  a  slowly  moving  column  of  ice  is  all  that  is  seen. 
This  presses  with  such  force  against  the  bottom  and  sides  of  the 
stream,  as  to  cause  the  earth  to  tremble,  like  heavy  thunder,  to 
the  distance  of  miles.  Sometimes  the  body  of  ice  becomes  so 
large,  and  the  friction  so  great,  that  the  waters  are  unable  to  keep 
it  in  motion ;  audit  stops  while  the  river  is  turned  out  of  its  chan- 
nel, and  is  compelled  to  flow  in  a  new  bed  for  weeks  and  even 
months. 

It  is  impossible  that  such  floods  should  not  operate  powerfully 
to  modify  the  surface  in  alluvial  regions,  and  to  excavate  the  beds 
of  rivers.  I  am  confident  that  no  other  agent  in  the  mountain  tor- 
rents of  this  tate  is  so  energetic.  One  has  only  to  examine  the 
banks  and  bed  of  a  river  after  the  ice  has  disappeared,  as  I  have 
often  done  in  Deerfield,  to  be  convinced  of  this.  But  I  apprehend 
that  the  maximum  efiect  is  seen  in  those  rooky  ravines,  through 
which  such  rivers  as  the  Deerfield  and  the  Westfield  pass,  in  the 
primary ,  regions.  Masses  of  rock  of  various  sizes,  even  10,  15, 
or  20  feetjn  diameter,  may  here  be  seen,  some  of  them  torn  up 
from  their,  beds  and  removed  a  considerable  distance,  strewing  the 
bottoms  of  the  streams,  and  at  low  water  almost  covering  the  sur- 
face; and  others,  only  partially  lifted  from  the  parent. rock,  and 
waiting  for^  another  convulsive  efi!brt  of  the  torrent  to  detach 
them,  and  give  them  an  erratic  character.  In  short,  one  sees  ia 
such  streams  a  cause  fully  adequate  to  the  production  of  those  nu- 
merous bowlder  stones  that  are  scattered  over  the  country :  I 
mean,  a  cause  sufficient  to  detach  and  round  them.  Probably, 
however,  the  expansive  agency  of  water,  frozen  in  the  seams  of 
these  rocks,  contributes  not  a  little  to  lift  them  out  of  their  origi- 
nal beds. 

Valleys  of  Denudation. 

When  the  strata  of  rocks  on  the  opposite  sides^of  a  valley  co- 
incide, the  conclusion  seems  inevitable  that. they  once  formed  a 
continuous  stratum,  and  that  the  valley  has  been  subsequently  ex- 
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cavated.  The  appearance  in  such  cases  indicates  that  it  has  been 
scooped  out  by  running  waters :  and  yet^  this  might  be  the  appear- 
ance if  water  had  only  modified  the  sides  and  bottom  of  a  fissure 
produced  by  other  causes.  And  in  some  cases,  at  least,  it  seems 
necessary  to  call  in  the  aid  of  other  causes. 

I  am  in  doubt  whether  there  is  more  than  pne  valley  in  Massa- 
chusetts that  is,  strictly  speaking,  a  valley  of  denudation.  And 
that  is  the  passage  between  Mount  Toby,  in  Sunderland,  and  Su- 
gar Lo^f  mountain,  on  the  opposite  side  of  Connecticut  river.  I 
have  already  described  the  appearance,  and  given  a  drawing  of 
Sugar  Loaf,  and  the  geologist  will  at  once  perceive  it  to  be  a-  re- 
markable outlier,  rising  about  500  feet  above  the  Connecticut,, 
composed  of  red  sandstone ;  whose  strata  dip  to  the  east  about  15^. 
On  the  opposite  side  of  the  river  are  red  sandstone  strata,  dipping 
in  the  same  direction.  Sugar  Loaf  appears  as  if  it  had  been  mod- 
ified by  the  action  of  water,  even  to  its  summit ;  and  30  on  the 
opposite  side  of  the  river,  I  have  already  shown,  in  the  second 
part  of  my  Report,  that  Sunderland  cave  may  be  accounted  for 
by  the  undermining  operation  of  water  upon  the  softer  strata. 
And  the  valley  of  the  Connecticut  above  this  point  exhibits  none 
of  those  proofs  that  the  river  could  not  hftve  excavated  it,  which 
exists  as  to  the  valley  in  general,  and  which  I  have  already  de- 
tailed. This  subject  however,  I  shall  examine  more  particularly 
farther  on. 

Valleys  in  other  parts  of  the  State.* 

The  remarkable  and  interesting  valleys  in  Berkshire  county,  de- 
serve long  and  careful  stndy.  After  having  passed  across  them: 
and  through  them  several  times,  my  decided  conviction  is,  that  for 
the  most  part,  they  are  valleys  of  dislocation,  which  have  been 
more  or  less  modified  by  deluges  and  other  abrading  agencies. 
The  valleys  in  Worcester  county  seem  to  me  to  have  had  a  similar 
origin ;  and  I  may  add  also  the  valley  of  the  Merrimack.  1  mean 
that  the  original  elevation  of  the  strata  gave  to  these  valleys  their 
great  outlines.  And  the  general  parallelism  of  most  of  these 
valleys,  agreeing  also  with  that  of  the  Connecticut,  seems  to  in- 
dicate that  nearly  all  the  great  valleys  of  Massachusetts  were  pro- 
duced at  the  same  epoch.  But  I  hope  to  render  this  subject  more 
intelligible  when  I  come  to  treat  of  the  systems  of  elevation  that 
are  found  in  our  strata. 

If  it  should  seem  that  I  have  been  very  prolix  in  discussing  the 
subject  of  Alluvium,  I  beg  it  may  be  recollected  that  it  is  one 
which  excites  at  present  an  absorbing  interest  among  geologists  ; 
and  that  scarcely  no  efforts  have  been  made  in  this  country  to  ex- 
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bibit  the  dynamies  of  causes  now  in  action.     I  hope  this  fret  wiH 
afford  me  an  apology  for  the  imperfection  of  this  effort. 

2.    DILUVIUM. 

Under  this  term  I  include  that  coating  of  gravel,  bowlders,  sand, 
and  loam,  which  is  spread  over  almost  every  part  of  the  surface, 
and  which  has  been  obviously  mingled  confusedly  together  by 
powerful  currents  of  water,  subsequent  to  the  deposition  of  the 
regular  strata.  Hence  geologists  have  referred  it  to  the  agency  of 
a  general  deluge  ;  and  since  it  occupies  the  highest  place  in  the 
rock  series,  except  alluvial  and  volcanic  rocks,  most  of  them  have 
regarded  that  deluge  as  identical  ^ith  the  one  described  in  the 
Christian  Scriptures.  But  recently  some  respectable  geologists 
maintain,  that  existing  causes,  operating  as  they  now  do,  might  in 
the  course  of  ages,  have  produced  all  the  phenomena  of  the  rock 
formations.  Hence  they  deny  the  existence  of  such  a  deposit  as 
diluvium  ;  or,  rather,  they  impute  it  to  rivers,  rains,  frost,  and  other 
existing  agencies,  and  include  it  under  alluvium.  Others,  how- 
ever, regard  diluvium  as  the  result  of  various  agencies,  operating 
at  different  periods ;  among  which  are  the  floods  produced  by  the 
elevation  of  the  rock  strata  at  varidus  times.  But  they  do  not 
admit  that  we  have  in  this  diluvium  any  evidence  of  a  dekige  con- 
temporaneous with  that  described  by  Moses. 

It  ought  to  be  remarked,,  however,  that  these  geologists  do  not 
deny  the  occurence  of  such  a  deluge  as.  is  described  in  the  Bible. 
Some  of  them,  indeed,  are  clergyman,  and  they  merely  say,  that 
geology  does  not  furnish  any  evidence  of  such  a  catastrophe,  al- 
though it  affords  no  evidence  to  the  contrary,  but  rather  a  pre- 
sumption in  its  favor,  in  the  fact  so  abundantly  proved  by  the  re- 
cords of  geology,  that  numerous  extensive,  if  not  universal  delu- 
ges, have  occured  since  the  creation. 

That  a  transient  deluge,  like  that  described  in  the  Scriptures,, 
could  have  produced,  and  brought  into  its  present  situation,  all  the 
diluvium  which  is  now  spread  over  the  surface  of  this  continent,, 
will  not,  it  seems  to  me,  be  admitted  for  a  moment  by  any  impar- 
tial observer.  It  has  obviously  been  the  result  of  different  agen- 
cies, and  of  different  epochs;  the  result  of  causes  sometimes  op- 
erating feebly  and  slowly,  and  at  other  times  violently  and  power- 
fully. But  the  conclusion  to  which  I  have  been  irresistibly  forced 
by  an  examination  of  this  stratum  in  Massachusetts,  is,  that  all  the 
diluviumy  which  had  been  previously  acciantdated  by  various,  agen- 
cies, has  been  modified  by  a  powerful  delugCy  sweeping  from  the 
north  and  northwest^  over  every  part  of  the  State ;  not  exceptir^g 
its  highest  mountains.     And  since  that  deluge,  none  but  alluvial 
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agencies  have  been  operating  to  change  the  surface.  I  shall  now 
proceed  to  give  a  history  of  this  diluvium,  with  the  reasons  that 
prevent  me  from  assigning  its  present  modified  st^te  to  any  other 
cause  than  a  recent  deluge. 

Topography  of  Dibivium, 

The  most  extensive  diluvial  deposite  on  the  Map,  is  in  Plym- 
outh and  Barnstable  counties.  Indeed,  nearly  the  whole  of  those 
counties  (with  the  exception  of  the  north  part  of  the  former,)  might 
have  been  thus  colored  with  perfect  justice.  But  as  I  had  good 
reason  to  believe  that  a  granite  ridge  occurs  where  it  is  marked, 
concealed  by  a  few  feet  of  diluvium  only,  I  thought  myself  jus- 
tified in  extending  that  rock  on  the  Map  nearly  to  the  extremity 
of  Cape-  Cod.  I  saw,  however,  no  example  of  rocks  in  place 
throughout  the  whole  extent  of  the  Cape,  except  perhaps  a  sin- 
gle fissured  rock,  which  has  been  powerfully  acted  upon  by  water ; 
and  which,  if  it  be  in  place,  is  only  the  wreck  of  a  granite  ledge. 
A  view  of  this  rock  will  be  given  farther  on.  In  Plymouth 
county,  except  at  its  northern  part,  the  granite  rarely  appears, 
and  but  seldom  forms  a  cliff  even  fifty  feet  high.  Every  thing, 
indeed,  is  buried  by  diluvium ;  and,  as  the  streams  are  few  and 
small  there,  it  is  extremely  difficult  to  ascertain  what  is  its  geolo- 
g}%  except  to  say  that  it  is  diluvial. 

The  diluvium  of  Plymouth  and  Barnstable  counties  consists 
almost  entirely  of  white  sand,  some  pebbles,  and  a  very  lar^e 
number  of  bowlders  of  primary  rocks.  These  bowlders  consist 
chiefly  of  granite,  sienite,  and  gneiss,  with  occasional  masses  of 
graywacke  conglomerate,  compact  feldspar,  and  porphyry.  They 
all  correspond  with  the  rocks  found  in  place  along  the  coast,  in  the 
vicinity  of  Boston,  and  on  Cape  Ann ;  and  no  one,  it  seems  to 
me,  can  see  the  marks  of  degradation  along  that  coast,  who  will 
not  be  'convinced  that  a  large  portion  of  the  pebbles  and  bowlders 
of  Plymouth  and  Barnstable  counties,  must  have  come  from 
thence.  Along  the  range  of  elevated,  and  for  that  part  of  the 
State,  even  mountainous  land,  which  is  colored  as  granite  on  the 
Map,  the  bowlders  are  so  enormously  large,  and  so  thick,  that  I 
cannot  believe  they  have  been  ever  removed  far  from  their  native 
beds.  They  are  sometimes  from  10  to  20  and  even  30  feet  in 
diameter,  and  frequently  occupy  nearly  the  whole  surface ;  so 
that  one  can  hardly  persuade  himself,  when  he  examines  them 
from  a  little  distance,  that  they  are  not  genuine  ledges.  Indeed, 
I  have  repeatedly  been  deceived  by  their  appearance,  until  I  had 
gone  among  them,  and  ascertained  that  they  were  detached  bowl- 
ders. On  the  road  from  Sandwich  to  Falmouth  is  perhaps  as 
striking  an  exhibition  of  this  phenomenon  as  in  any  place,  unless 
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it  be  in  the  western  part  of  Martha's  Vineyard,  in  Tisbury 
and  Chilmark.  The  same  appearance  is  striking,  also,  in  Brews- 
ter, on  the  Cape ;  and  I  doubt  not  that  genuine  ledges  of  granite 
may  be  found  in  those  places ;  although  (with  the  exception  of 
Brewster  perhaps,)  I  did  not  make  the  discovery.  I  have  been 
informed,  however,  that  jrocks  in  situ,  do  exist  in  Dennis.  But 
I  have  been  so  often  deceived  in  this  matter  in  that  region,  that  I 
dare  not  state  any  thing  as  fact  concerning  it,  which  I  have  not 
carefully  examined  with  my  own  eyes.  At  any  rate,  I  cannot 
believe  that  bowlders  so  large  and  numerous  have  been  removed 
many  miles ;  for  powerful  as  has  been  the  diluvial  current  in  tbq 
eastern  part  of  the  State,  I  have  seen  no  well  ascertained  instance 
where  whole  mountains  have  been  torn  up  and  transported,  as 
they  must  have  been  in  this  case,  if  they  came  from  the  region 
of  Scituate  and  Cohasset,  40  or  50  miles  ;  and  that  too,  through  a 
region  of  sand.  And  although  much  of  the  granite  of  these 
bowlders  resembles  that  of  Cohasset  and  Scituate,  yet  I  doubt 
whether  it  is  identical  with  it.  Some  of  it  I  know  to  be  quite 
different. 

The  sand,  which  is  the  predominant  ingredient  of  the  diluvium 
in  the  counties  above  named,  was  undoubtedly  derived  from  a 
tertiary  formation,  which  has  been  broken  up  by  diluvial  action. 
Remnants  of  this  formation  are  occasionally  seen  oh  Cape  Cod  ; 
and  in  Truro,  so  lofty  and  distinct  are  the  clif!s  of  clay,  that  they 
have  been  noted  on  the  Map.  Clay  is  found  in  other  places  on 
the  Cape ;  but  not  in  large  quantities,  and  generally  at  a  low  level. 
On  Martha's  Vineyard  and  Nantucket,  this  formation  is  much 
more  abundant  and  obvious  along  the  coast ;  though  covered  for 
the  most  part  in  the  interior  with  diluvium  several  feet  thick. 
Very  likely  this  formation  once  occupied  no  small  part  of  Massa- 
chusetts Bay,  and  probably  also  Buzzard's  Bay. 

In  almost  every  part  of  the  State  the  diluvium  is  piled  yp  into 
elevations  whose  surfaces  exhibit  curves  of  every  description  ; 
while  the  correspondent  cavities  are  of  various  shapes.  These 
convexities  and  concavities  resemble  very  much  the  sandy  or  grav- 
elly bottom  of  existing  streams,  where  the  current  has  been  very 
violent ;  except  that  generally  those  in  the  diluvium  are  on  a  vastly 
larger  scale.  The  following  sketch  may  aid  in  imparting  a  correct 
idea  of  these  diluvial  irregurarities.  It  was  taken  in  the  southeast 
part  of  Amherst,  and  exhibits  several  elevations  from  10  to  20 
feet  high,  composed  entirely  of  gravel  with  no  blocks  large  enough 
to  be  called  bowlders^ 


Digitized  by  VjOOQ IC 


Topography  of  Diluvium.  151 


Diluvial  Elevations  and  Depressions:  Amherst. 

Standing  upon  the  burying  ground  where  rest  the  remains  of 
our  Pilgrim  Fathers  in  Plymouth,^  we  have  around  us  on  almost 
every  side,  and  for  a  considerable  distance,  a  fine  example  of  these 
elevations  and  depressions.  I  mention  this  spot,  not  because  it  is 
more  remarkable  than  many  others  for  diluvial  phenomena  ;  but 
merely  because  it  is  so  frequently  visited. 

In  Truro,  near  the  extremity  of  Cape  Cod,  the  magnitude  of 
these  elevations  and  depressions  is  truly  astonishing.  One  finds 
himself  in  a  hilly  and  even  mountainous  country  ;  the  elevations 
being  often  from  200  to  300  feet  high,  and  very  numerous ;  and 
yet  these  are  most  obviously  diluvial  hills  and  valleys  ;  that  is,.they 
are  as  obviously  the  result  of  currents  of  water,  as  those  inequal- 
ities of  surface,  of  exactly  the  same  shape,  which  we  find  in  the 
dry  bed  of  a  river.  The  fact  is,  this  Cape,  below  Orleans,  con- 
sists almost  entirely  of  coarse  sand,  which  is  more  easily  piled  up 
and  scooped  out  than  gravel ;  and  this  explains  the  striking  fea- 
tures of  the  diluvium  in  the  region  of  Truro,  which  is  well  worth 
a  journey  thither  to  examine.  But  one  has  only  to  look  at  a  map 
of  Massachusetts,  to  see  that  the  idea  of  these  eflfects  having 
resulted  frora^  the  action  of  any  existing  stream,  is  absurd ;  since 
no  current  of  water,  deserving  the  name  of  a  river,  can  exist  on 
that  part  of  the  Cape  ;  whereas  the  Mississippi,  or  St.  Lawrence, 
pouring  through  a  mountain  gorge  upon  a  sandy  plain,  would  be 
scarcely  adequate  to  produce  the  eflfects  here  witnessed.  And  as 
to  this  being  the  result  of  the  retiring  or  returning  wave,  when  the 
strata  were  first  elevated,  I  shall  lake  occasion  to  show,  before  con- 
cluding this  section,  that  the  opinion  is  improbable. 

The  same  idea,  of  a  force  vastly  greater  than  any  now  in  action 
in  the  State,  having  been  exerted  in  the  production  of  our  diluvium, 
forces  itself  upon  the  attention  in  many  other  places  besides  Truro. 
All  the  eastern  part  of  the  State  presents  evidence  of  having  been 
swept  over  by  a  prodigiously  strong  current  of  water.     Nantucket, 
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Dukes  county,  and  the  Elizabeth  islands,  are  almost  entirely  cof- 
ered  with  a  vast  quantity  of  bowlders,  gravel,  and  sand,  most  of 
which  roust  have  come  from  the  continent.  On  Nantucket,  bowl- 
ders and  gravel  are  rare ;  only  four  or  five  large  blocks  occurring 
on  the  island  ;  although  masses  two  or  three  feet  in  diameter  are  not 
un frequently  met  with :  and  these,  corMsting  of  granite,  gneiss, 
and  quartz,  were  obviously  transported  from  the  continent.  On 
the  Vineyard,  the  bowlders  are  very  numerous,  and  some  of  them 
very  large ;  and  although  some  of  them  unquestionably  proceeded 
from  the  mainland,  yet  in  one  or  two  places,  as  in  Chilmark,  I 
strongly  suspect  the  existence  of  granite  ledges  a  few  feet  below 
the  surface,  from  the  quantity  and  size  of  the  bowlders :  and  yet 
one  often  sees  very  large  blocks  in  the  diluvial  covering  of  the 
clay  cliffs,  as  for  instance  at  Gay  Head  ;  where  one  or  two  of  them 
that  have  rolled  down  to  the  base,  are  from  20  to  30  feet  in  diam- 
eter. The  Elizabeth  islands  are  entirely  covered  by  a  thick  coat 
of  diluvium  of  a  similar  character  ;  and  so  is  the  whole  coast,  from 
Cape  Cod  to  Rhode  Island,  except  that  south  of  Rochester  there 
is  much  less  of  sand  ;  but  the  quantity  of  bowlders  is  prodigious  ; 
so  that  one  oftentravels  many  miles  without  seeing  a  rock  in  place  ; 
although  the  surface  is  almost  entirely  covered  by  rounded  masses 
of  almost  every  size.  This  is  seen  on  almost  any  road  from  New 
Bedford  to  Rhode  Island. 

Tlrratic  Blocks  and  Rocking  Stones. 

Passing  northerly  from  Buzzard's  Bay,  the  whole  country  east 
of  a  line  drawn  from  Providence  to  Boston,  except  the  summits  of 
a  few  of  the  highest  mountains,  and  some  alluvial  valleys,  is  cov- 
ered with  diluvial  blocks  and  gravel.  But  from  Boston  to  the  ex- 
tremity of  Cape  Ann,  embracing  a  considerable  proportion  of  Es- 
sex county,  the  amount  of  bowlders  is  prodigious ;  and  some  of 
them  are  not  less  than  30  or  40  feet  in  diameter  ;  and  yet  so  pow- 
erful was  the  diluvial  current,  that  these  must  have  been  removed 
from  their  original  position,  and  many  of  them  now  occupy  the 
summits  of  the  highest  hills  in  that  region  :  presenting  often  a  most 
singular  outline  to  the  landscape.  When  one  of  these  erratic 
blocks  is  so  poised  upon  a  rock  in  place,  as  to  be  easily  moved 
it  constitutes  a  rocking  stone.  Some  of  these,  weighing  from  10 
to  100  tons,  can  he  perceptibly  moved  by  the  strength  of  a  single 
man,  applied  to  a  lever ;  though  the  combined  efforts  of  a  hun- 
dred cannot  move  them,  but  a  few  inches.  Of  two  of  these  rock- 
ing stones  I  have  taken  a  sketch,  on  account  of  their  peculiar  ap- 
pearance. 
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RockiDgBtone  in  Chelsea. 

Tbe  preceding  sbetch  represents  a  mass  of  poryhyry,  10  or  12 
feet  in  diameter,  lying  on  a  ledge  of  the  same  kind  of  rock  in  the 
north  part  of  Chelsea,  near  the  toll  gate,  on  the  Newburyport 
turnpike.  Tbe  following  is  a  view  of  a  divided  block  of  gneiss, 
wbk^h  is  nearly  10  feet  high,  and  is  so  accurately  poised  upon  a 
ledge  of  gneiss,  that  at  a  little  distance  it  seems  as  if  it  could  easi- 
ly be  thrown  over ;  but  this  is  no  easy  matter.  It  occurs  in  the 
west  part  of  Barre,  on  the  road  to  Dana. 


Double  Rocking  Stone  in  Barre. 

In  Brewster,  on  Cape  Cod,  is  an  enormous  mass  of  granite,  16 
feet  high,  and  160  in  circumference;  of  which  a  drawing  is  an- 
nexed. This  is  split  into  6  or  7  pieces,  and  appears  as  if  it  had 
been  subjected  to  a  powerful  action  of  water,  or  some  other  agent, 
in  former  times.  Its  size  forbids  the  supposition  that  it  has  been 
removed  from  its  bed  ;  and  probably  it  is  the  remains  of  a  ledge 
which  diluvial  currents  have  worn  away  or  buried.  The  sketch 
was  taken  from  tbe  west. 


A  Rent  Rock  in  Brewster,  Cape  Cod. 
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I  have  noticed  a  rocking  stone  near  the  centre  of  Greenwich, 
weighing  30  or  40  tons,  which  might  be  moved  by  a  lever.  One 
may  be  seen  in  Chilmark,  on  Martha's  Vineyard.  In  the  7th  vol. 
of  the  Am.  Journal  of  Science,  is  a  drawing  and  description  of  one, 
of  more  than  46  tons  weight,  in  Roxbury ;  which  <  a  child  of  six 
years  old  can  easily  move  with  one  hand.'  Mention' is  there  also 
made  of  one  on  the  Salem  Turnpike  ;  of  three  in  the  vicinity  of 
Providence,  one  in  Foster,  one  in  Warwick,  R.  Island,  and  one 
in  Fraraingham.  Gen.  E.  Hoyt,  also,  describes  one  in  the  bed  of 
Deerfield  river,  in  Zoar.  Indeed,  they  can  doubtless  be  found  in 
almost  any  part  of  New  England. 

But  Cape  Ann,  of  all  other  places  in  the  Commonwealth,  is 
the  theatre  of  bowlder  stones.  Over  a  gi*eat  part  of  the  Cape, 
the  trees  and  shrubs  have  been  cut  away ;  and  in  many  places  of 
great  extent,  the  surface  is  literally  covered  by  these  rounded 
and  erratic  blocks.  '  Thus  must  the  world  have  appeared  to  Noah, 
as  he  came  out  of  the  ark, '  exclaimed  my  travelling  companion, 
as  we  came  suddenly  in  view  of  a  wide  landscape  near  Squam,  in 
Gloucester,  studded  with  bowlders.  The  view  is,  indeed,  a  most 
singular  one;  and  cannot  fail  to  impress  every  reasoning  mind 
with  the  conviction,  that  a  deluge  of  tremendous  power  must  have 
rushed  over  this  cape.  Nothing  but  a  substratum  of  unyielding 
sienite  could  have  stood  before  its  devastating  energy.  The  man 
who  views  this  coast  and  that  of  Cohasset  and  Scituate,  is  no  long- 
er at  a  loss  from  what  region  the  countless  blocks  of  granite  and 
sienite,  scattered  over  the  southeast  part  of  the  State,  proceeded. 

Mr.  B.  Haskell  of  Sandy  Bay  on  Cape  Ann,  has  furnished  me 
for  the  present  edition  of  this  Report,  with  the  following  description 
of  a  rocking  stone  in  that  vicinity. 

*  We  have  a  rocking  stone  within  two  miles  of  Sandy  Bay, 
which  is  equal  to  any  in  interest,  that  I  have  ever  seen  described. 
Its  shape,  though  tolerably  regular,  will  not  easily  admit  of  its 
measurement.  Yet,  I  have  no  hesitation  in  saying  that  it  will 
weigh  more  than  45  tons.  It  can  be  moved  by  the  effort  of  one 
hand,  and  its  motion  is  perceptible  at  some  distance.  Formerly^ 
it  attracted  attention.  You  will  find  it  described  in  Mather's  Mag- 
nalia. ' 

As  we  proceed  westerly  from  the  coast  and  rise  upon  the  higher 
lands  of  Worcester  county,  the  quantity  of  diluvium  decreases  ; 
though  in  many  places  very  abundant.  In  general  the  higher  parts 
of  mountains  exhibit  less  of  diluvial  action  than  the  lower  regions. 
But  it  is  usually  at  an  intermediate  level,  and  neither  upon  the 
highest  nor  in  the  lowest  places,  that  the  greatest  amount  of  dilu- 
vium is  accumulated.  On  steep  and  narrow  mountain^,  we  could 
not  expect  that  much  of  this  stratum  would  be  detained,  even  if 
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we  admit  tbat  water  could  accomplish  the  Sisypheaa  labor  of  roll- 
ing rounded  rock  masses  up  steep  aud  lofty  escarpments.  And  in 
the  lowest  grounds,  existing  streams  haye  to  a  considerable  extent 
removed  the  diluvium^  and  in  some  instances  covered  it  up.  But 
there  is  no  mountain  so  lofty  in  Massachusetts  as  not  to  exhibit 
marks  of  diluvial  action.  On  Wachusett  and  Saddle  mountains^ 
indeed,  very  few  rounded  masses  of  rock  from  a  distance  are  to 
be  seen ;  though  their  own  surfaces  have  been  acted  upon  by  a 
diluvial  current,  as  I  shall  shortly  state  more  definitely  in  speaking 
of  another  part  of  this  subject.  On  the  lo^er  and  less  precipi- 
tous mountains  of  the  State,  however,  bowlders  of  huge  size,  as 
well  as  gravel  and  sand,  are  abundant. 

The  valley  of  Worcester  abounds  in  diluvium  ;  especially  in  the 
north  part  of  the  county.  Proceeding  towards  the  Merrimack, 
through  Sterling,  Lancaster,  and  Groton,  we  find  large  accumula- 
tions of  diluvial  gravel,  exhibiting  the  irregular  convexities  and 
concavities  already  described.  We  find  in  this  region,  however, 
much  fewer  large  bowldei*s  than  in  most  other  parts  of  the  State. 
These  beconTe  more  numerous  as  we  follow  the  Merrimack  to  its 
mouth.  Much  of  the  diluvium,  however,  from  Worcester  to 
Newburyport,  consists  of  shingle ;  by  which,  I  mean  partially 
rounded  fragments  of  slate,  and  quartz  rock ;  resembling  very 
much  the  pebbles  occurring  on  the  sea  shore. 

On  the  south  of  Worcester,  the  region  of  country  sloping  to- 
wards the  Blackstone,  especially  on  the  west  side  of  the  river,  ex- 
hibits striking  traces  of  diluvial  agency.  In  some  places^,  as  in 
Uxbridge,  the  bowlders  of  gneiss  are  large  and  numerous.  As  we 
proceed  towards  Providence,  this  stratum  becomes  thicker ;  con- 
cealing, indeed,  nearly  all  the  rocks  in  place  ;  and  in  tbe  vicinity 
of  Providence  a  large  proportion  of  sand  is  mixed  with  the  gravel. 
This  proceeds  from  the  tertiary  formation  which  occurs  near  Prov- 
idence, as  well  as  in  the  southeast  part  of  Massachusetts,  and 
which  has  been  torn  up  in  many  places  by  the  action  of  water. 
Tbe  sand  abounds  on  the  west  shore  of  Narraganset  Bay,  nearly 
tbe  whole  distance  to  Newport. 

The  valley  extending  south  from  Oxford,  through  Webster  into 
Connecticut,  contains,  especially  on  its  slopes,  an  abundance  of 
diluvium  :  so  thick  a  coat,  indeed,  that  the  rocks  in  place  are  in  a 
great  measure  hid  ;  and  hence  it  is  quite  difficult  to  ascertain  the 
boundaries  of  the  different  formations. 

Between  the  Worcester  and  Connecticut  valleys,  the   country 
is  mountainous  ;  with  deep  and  interrupted  valleys,  whose  general 
direction  is  north  and  south.     In  some  of  these  valleys  the  gneiss, 
rock  is  covered  for  miles  by  diluvium,  and  by  alluvium  of  disinte- 
gration.    Indeed,  this  is  often  the  case,  in  the  more  elevated  parts 
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of  this  region  ;  though  the  diluvial  waters  seem  to  have  exerted 
less  power  here,  than  ia  the  lower  land  in  the  eastern  part  of  the 
State. 

The  level  part  of  the  basin  of  the  Connecticut,  exhibits  less 
striking  marks  of  diluvial  action  than  the  smaller  elevations  on  the 
margin  of  this  tertiary  plain.  Some  might  even  doubt  whether  the 
tertiary  deposite  of  this  valley  is  not  postdiluvian.  But  I  think 
that  upon  the  whole,  marks  of  diluvial  action  are  too  strong  on  its 
surface  to  be  referred  to  the  currents  of  an  ancient  lake.  For  the 
dilluvial  coat  is  several  feet  thick  in  almost  every  place.  We  could 
not  expect  that  a  general  deluge,  of  depth  sufficient  to  rise  above 
our  highest  mountains,  would  act  as  powerfully  upon  low  and  broad 
plains,  as  in  the  vicinity  of  nK)untain  defiles  and  gorges,  through 
which  the  water  must  have  rushed  with  great  power,  even'  though 
its  general  movement  was  moderate.  And  this  view  accords  with 
the  present  disposition  of  diluvium  in  Massachusetts.  In  Ber- 
nardston,  Franklin  county,  for  instance,  which  lies  at  the  north- 
ern extremity  of  the  Connecticut  valley,  we  find  a  large  amount 
of  diluvium,  which  was  evidently  washed  from  the  region  of  argil- 
laceous slate  lying  north,  through  two  or  three  narrow  valleys^ 
running  north  and  south,  down  which  the  current  must  have 
rushed  with  great  force.  Accordingly  we*bere  find,  on'  the  road 
towards  Northfield,  a  mile  or  two  east  of  Bemardston  centre,  an 
example  of  diluvial  elevations  and  depressions  scarcely  equalled 
in  the  State ;  exhibiting,  as  it  were,  the  very  gyrations  of  the 
mighty  torrent.  But  when  this  stream  spread  out  over  the  broad 
valley  of  the  Connecticut,  its  violence  and  strength  would  greatly 
diminish  ;  and  hence  this  diluvium  was  not  driven  very  iar  into 
that  valley.  Yet  at  the  east  end  of  Mount  Holyoke,  where  it 
approaches  the  primary  hills  in  Belchertown,  we  find  a  very  pow- 
erful diluvial  agency  to  have  been  at  work,  in  consequence  of  the 
rush  of  waters  through  the  gorge  between  the  mountains,  and  also 
through  the  valleys  on  both  sides  of  Mount  Toby,  and  among  Pel- 
bam  hills  on  the  north.  So  that  in  the  southeast  part  of  Amherst, 
and  indeed  through  its  whole  eastern  part,  as  well  as  in  Belcher- 
town and  Ludlow,  the  diluvial  sand  and  gravel  are  piled  up  and 
scooped  out  in  a  striking  manner.  And  in  general,  as  we  begin  to 
rise  from  the  tertiary  plain  of  the  Connecticut  basin,  we  find  a 
greater  accumulation  of  this  stratum  than  on  the  plain  itself,  or  high 
up  among  the  primitive  mountains. 

In  passing  over  the  mountainous  region  between  the  valleys  of 
the  Connecticut  and  Berkshire,  there  is  little  in  the  character  of 
the  diluvium  worthy  of  special  notice,  till,  we  approach  the  summit 
of  Hoosic  mountain  ;  when  we  are  surprised  to  meet  with  an  im- 
mense number  of  bowlders,  which  have  been  forced  up  the  high 
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and  9teep  western  esoarpmeDt  of  that  mountaia  fixim  the  vallies 
of  Berkshire.  In  these  valleys,  also,  we  fiad  bowlders  in  abun* 
dance,  which  have  been  driven  over  the  Taconnic  range  from  the 
State  of  New  York.  But  these  facts  will  be  examined  more  par- 
ticularly farther  on. 

Along  the  western  base  of  the  Hoosic  range,  diluvium  is  accu- 
mulated in  large  quantities :  but  in  general,  this  formation  is  not  as 
abundant  to  the  west,  as  to  the  east  of  Connecticut  river. 

As  we  pass  from  the  Taconnic  range  to  the  Hudson,  we  find 
vast  accumulations  of  diluvium.  The  fragments  decrease  in  size 
as  we  approach  the  river,  and  within  a  few  miles  of  it,  diluvial 
elevations  and  depressions,  composed  of  gravel  and  sand,  are  nu- 
merous and  striking.  The  materials  seem  in  part  to  have  been 
derived  from  a  tertiary  formation,  whose  lower  clay  beds  are  still 
visible,  a  little  east  of  Troy  and  Albany. 

In  Pownall,  Vt.,  three  miles  north  of  William's  College,  is  an 
unique  and  interesting  example  of  diluvium.  It  lies  on  the  east- 
em  side  of  Hoosic  river,  against  a  hill  of  mica  slate ;  and  rises  at 
least  100  feet  It  consist^  of  pebbles  of  quartz  and  mica- 
ceous and  argillaceous  slates,  from  three  to  four  inches  in  diampter, 
down  to  coarse  sand :  and  a  part  of  the  mass  is  consolidated  into 
conglomerate  and  sandstone.  (Nos.  25, 26,  27,  and  28.)  The 
cement  is  carbonate  of  lime  ;  which  having  been  dissolved  in  water, 
baa  been  diffiised  uniformly  through  the  mass.  It  is  not  perceived 
by  the  eye  ;  but  on  applying  acid,  a  brisk  effervescence  ensues ; 
and  hence  I  infer  that  it  was  infiltrated  in  a  state  of  solution.  And 
although  I  could  perceive  but  few  fragments  of  limestone  among 
the  diluvium,  yet  as  the  whole  region  abounds  in  this  rock,  it  is 
hardly  possible  that  it  should  not  exist  there,  at  least,  in  the  state 
of  sand.  This  being  admitted,  the  consolidation  of  this  stratum 
is  easily  explained  by  causes  now  in  action  ;  and  a  question  might 
be  raised,  whether  diluvium  consolidated  in  tbis  manner,  does  not 
in  fact  become  alluvium.  I  ought  to  add,  that  when  thus  forming 
solid  masses,  it  is  as  distinctly  stratified  as  are  most  of  our  second- 
ary sandstones  and  conglomerates. 

How  common  may  be  consolidated  diluvium  in  this  country,  I 
cannot  say.  But  I  believe  no  account  of  any  other  locality  has 
been  published.  In  Europe,  geologists  describe  a  similar  rock,  if 
Brongniart's  Terrains  Clysmiens  is  synonymous  with  diluvium ; 
for  be  says  that  ^tbe  parts  of  the  rocks  of  that  class  are  sometimes 
united  by  a  base  or  cement  chemically  produced  ;  that  is  by  solu- 
tion.' *  At  any  rate,  the  consolidated  shingle  bed,  described  by 
Mr.  Mantell  in  his  Geology  of  Sussex,  as  occurring  at  Brighton, 

«  Tableau  des  Terrains,  p.  66, 
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iQ  England,  mutt  be  regarded  as  of  the  same  character  as  that   in 
PowBaH  above  described. 

The  moit  recent  Deluge  in  Maisachusetis. 

The  diluTial  deposites  in  Massachusetts,  whose  topography  I 
have  now  described,  were  probably  produced  originally,  by  all  the 
abrading  and  disintegrating  agents  that  were  in  operation  on  the 
surface  of  the  globe,  between  the  time  when  the  solid  rocks  were 
deposited,  and  the  last  deluge.  These  agents,  so  far  as  we  know, 
were  the  same  as  are  now  operating  to  modify  the  earth's  surface  ; 
and  have  been  described  under  alluvium.  Hence  there  must  be 
great  diversity  as  to  the  times  when  the  different  portions  of  this 
diluvium  were  produced.  But  I  maintain  that  all  of  it  has  been 
subject  to  the  modifying  influence  of,  at  least,  one  general  deluge 
of  waters  in  more  recent  times.  This  deluge,  as  I  have  already 
stated,  swept  over  Massachnsetts  from  the  north  and  northwest. 
The  proof  of  tl)is^  position  I  now  proceed  to  exhibit. 

The  first  part  of  this  evidence  consists  in  tracing  erratic  bowl-- 
ders^  to  the  parent  rock  from  which  they  were  derived. 

When  I  began  an  examination  of  the  State,  I  travelled  east 
and  west ;  commencing  with  the  line  of  towns  bordering  upon 
Connecticut,  and  returning  through  the  line  of  towns  next  north. 
Thus  essentially  have  I  gone  over  the  whole  State.  And  I  had 
not  thus  doubled  my  course  many  times,  before  [  found,  uniformly, 
that  in  order  to  trace  bowlders  to  their  original  beds,  I  must  travel 
north  a  greater  or  less  distance.  The  discovery  was  frequently 
of  great  service  to  me;  and  I  do  not  recollect  that  the  principle 
ever  (ailed  me.  I  have,  indeed,  sometimes  found  a  straggling  block 
east  or  west,  and  even  north  of  ledges  of  the  same  kind  of  rock ; 
but  never  anything  more  than  lonely  stragglers.  It  will  be  ex- 
pected, however,  that  on  such  a  point  1  should  refer  to  particular 
instances. 

I  have  already  remarked  that  granite  and  ^enite  constitute  the 
great  mass  of  the  bowlders  scattered  over  the  southeast  part  of  the 
State ;  and  that  these  correspond  to  the  rocks  of  this  character 
en-  the  coast  that  bounds  Boston  harbor.  But  similar  rocks  also 
occur  ir>  place,  occasionally,  in  the  region  where  the  bowlders  are 
found ;-  and,  therefore,  we  cannot  be  sure  that  they  were  trans- 
ported from  a  distance  ;  although  in  many  cases  the  exact  corres- 
pondence between  the  specimens^  would  leave  little  room  to  doubt 
that  such  was  the  feet.  But  scattered  among  these  primary  bowl- 
ders, we  frequ^itly  find  others  of  porphyry,  compact  feldspar,  and 
graywacke  conglomerate  ;  rocks,  which  (except  the  conglomerate,) 
occur  only  within  a  few  miles  of  Boston,  both  north  and  south.  I 
have  found  masses  of  porphyry  as  far  down  Cape  Cod  as  Orleans  ; 
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and  near  the  southeni  extremity  of  Martha's  Vioef  ard,  the  peb- 
bles of  this  rock  are  quite  numerous.  In  Tisbury  I  have  seen  a 
mass  of  peculiar  blood-red,  compact  feldspar,  which  occurs  in  place 
in  Hingbam  ;  which  would  indicate  the  course  of  the  diluvial  cur^ 
rent  to  be  a  few  degrees  east  of  south.  The  porphyry  pebbles 
merely  indicate  a  southern  direction  to  the  current ;  since  the  oc- 
currence of  porphyry  at  Half-way-rock,  east  of  Marblehead,  shows 
that  this  rock  might  formerly  have  extended  far  into  the  ocean. 
Graywacke  conglomerate  occurs  in  the  graywacke  formation  in 
patches,  from  Rhode  Island  to  Newburyport ;  and  the  bowlders 
of  it  above  spoken  of,  must,  therefore,  have  been  transported  in  a 
direction  a  little  east'^of  south,  in  order  to  reach  the  west  part  of 
the  Vineyard,  where  I  found  them. 

We  shall  find  abundant  confirmation  of  this  opinion  in  respect 
to  the  last  named  rock,  if  we  pass  from  New  Bedford  to  Rhode 
Island,  either  close  along  the  coast  to  little  Compton,  or  farther 
north,  to  Tiverton.  The  surface  is  covered  with  bowlders,  chiefly 
of  granite  and  gneiss.  But  occasionally  we  meet  with  masses  of 
the  conglomerate,  whose  diameter  varies  from  one  to  twelve  or  fif- 
teen feet  And  by  inspecting  the  Map,  we  shall  see  that  the  gray- 
wacke formation,  from  which  they  must  have  been  derived,  is  very 
extensive  in  a  north  and  northwest  direction.  Can  there  be  a 
doubt  that  such  was  the  origin  of  these  blocks  ?  If  it  was,  then 
the  diluvial  current  must  have  been  powerful  enough  to  move 
masses  of  thb  size,  in  some  instances,  not  less  than  twenty  miles. 
The  region  of  country  intervening,  however,  is  not  very  uneven  ; 
and  in  estimating  the  power  of  running  water  to  move  rocks,  we 
ought  always  to  bear  in  mind,  that  they  are  but  little  more  than 
half  as  heavy  when  immersed  in  water  as  in  air. 

Another  instructive  region,  in  respect  to  erratic  blocks  of  gray- 
wacke conglomerate,  lies  on  the  east  side  of  Taunton  river,  in 
Freetown  and  Troy.  Along  the  river  road  the  bowlders  of  this 
rock  predominate ;  and  yet  I  could  not  find  any  of  it  in  place : 
but  the  rock  there,  so  far  as  I  could  ascertain,  is  granite.  These 
blocks,  therefore,  must  have  been  transported  from  the  opposite 
side  of  the  river,  in  a  south  or  southeast  direction,  in  order  to  have 
come  firom  a  graywacke  deposite. 

In  several  places,  as  may  be  seen  by  the  Map,  the  tracts  of 
graywacke  are  bounded  on  the  north  by  primary  rocks ;  chiefly 
sieoite,  granite,  and  greenstone.  And  as  we  approach  these  pri- 
mary rocks,  from  the  south,  even  when  eight  or  ten  miles  distant, 
we  begin  to  find  their  rounded  fragments ;  until  at  length,  and 
that  often  at  the  distance  of  two  or  three  miles  from  the  primary 
ledges,  they  equal,  or  exceed  in  number,  those  of  graywacke  ; 
rendering  it  often  exceedingly  difficult  to  asceruin  the  boundaries 
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of  the  difierant  formfttions.  But  on  the  other  hand,  no  bowlders 
of  gray  wacke  are  found  in  the  primary  regions  lying  north  of  the 
graywacke  in  place,  exdept  those  very  rare  stragglers  already  al- 
luded to ;  whose  situation  can  be  explained  only  by  supposing  a 
previous  deluge  in  a  different  direction. 

I  think,  however,  that  no  geologist  can  examine  the  surface  of 
the  eastern  portion  of  Massachusetts,  without  having  the  inquiry 
forced  repeatedly  upon  his  attention,  whether  the  graywacke  for^ 
mation,  that  now  exists  only  in  interrupted  basins  from  Rhode>^ 
Island  to  New  Hampshire,  was  not  once  continuous  throughout 
this  whole  extent.  The  direction  and  dip  of  its  strata,  as  well  as 
its  roineralogical  character  prove  it  to  have  been  mostly  produced 
at  the  same  geological  epoch ;  and  the  very  powerful  marks  of 
degradation,  which  some  of  its  varieties  exhibit,  especially  the 
conglomerate,  favor  the  opinion  of  its  former  continuity.  And  yet 
no  one  will  presume  to  impute  such  powerful  abrasion  to  any  single 
deluge. 

The  particular  towns,  whefe  we  find  the  most  striking  examples 
of  a  mixture  of  bowlders  of  granite,  Bienite,  and  greenstone,  with 
those  of  graywacke,  which  is  the  rock  in  place,  are  Attleborougb, 
Mansfield,  Norton,  Bridgewater,  Brighton,  Newton,  Needbam, 
and  Watertown.  The  Map  will  show,  that  a  few  miles  northerly 
from  these  towns,  are  deposits  of  granite,  sienite,  and  greenstone. 
On  the  other  hand,  in  Stoughton,  Randolph,  Dover,  Dedhara, 
.Braintree,  &c.,  we  find  graywacke  bowlders,  mixed  with  those  of 
the  rocks  in  place ;  and  these  were  obviously  derived  from  the 
graywacke  formations  lying  northerly  from  these  places. 

Perhaps  the  example  more  definite  and  decisive  than  any  other 
on  the  subject  under  consideration,  occurs  in  Rhode  Island.  Iq 
Cumberland  a  large  hill  exists  of  magnetic  iron  ore  ;  a  considera- 
ble part  of  which  contains  distinct  crystals  of  feldspar,  so  as  to  be- 
come beautifully  porphyritic.  A  rock  so  peculiar  cannot  be  con- 
founded with  any  other.-  Now  if  we  pass  along  the  north,  east, 
and  west  sides  of  this  bed  of  ore,  even  very  near  it,  no  scattered 
fragments  of  it  are  seen  among  the  bowlders.  But  on  the  south 
side,  they  occur  all  the  way  to  Providence^  decreasing  in  size. 
Whether  they  may  be  found  on  the  west  side  of  Narraganset  Bay, 
south  of  Providence,  I  cannot  say  :  but  I  met  with  several  pieces 
at  the  southern  extremity  of  Rhode  Island,  in  Newport,  of  only  a 
few  inches  in  diameter.  These  must  have  travelled  nearly  35 
inies  from  their  bed,  in  a  direction  a  few  degrees  east  of  south.  * 

*  An  instmctive  example,  similar  to  ihose  in  the  text,  is  mentioned  by  Dr. 
Charles  T.  Jackson  in  his  interesting  paper  on  the  Macles  of  Lancaster,  just 
published,  (June  1834,)  in  the  first  No.  of  tne  Boston  Journal  of  Natural  History. 
He  says    that    an   immense  quantity  of  bowlder  stones  containing   macles 
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In  several  places  in  the  southeast  part  of  Worcester  county,  i 
met  with  bowlders  of  a  variety  of  porphyritic  granite,  distinguished 
from  every  other  kind  in  the  State,  by  its  remarkably  large  im- 
bedded crystals  of  white  feldspar.  But  it  was  not  till  I  came 
to  Harvai;d,  that  I  found  this  rock  in  place.  On  the  north  of  the 
ledge,  I  never  met  with  a  single  fragment.  In  W^Itham,  however, 
I  did  meet  with  one  bowlder  of  this  rock. 

In  the  valley  of  the  Connecticut,  we  meet  with  abundant  traces 
of  a  diluvial  current  from  the  north.  Thus,  the  diluvium  which 
covers  the  red  sandstone  in  the  south  part  of  Bernardston,  and  the 
north  part  of  Gill  and  Greenfield,  is  composed  almost  entirely  of 
detritus  from  the  granite,  argillaceous  slate,  and  quartz  rock,  lying 
a  few  miles  north.  In  Amherst,  the  diluvial  pebbles  and  bowlders 
are  granite,  gneiss,  hornblende  slate,  and  red  sandstoiie  conglomer- 
ate ;  corresponding  precisely  with  similar  rocks  in  place  in  Lever- 
ett  and  Sunderland,  six  or  seven  miles  north.  But  probably  a 
fluvialist  would  regard  all  marks  of  this  kind  in  the  Connecticut 
valley,  as  having  resulted  from  the  action  of  the  river  when  its 
barriers  were  yet  unbroken  below  Northampton  and  Middletown. 
And  this  explanation  would  probably  satisfy  the  mind,  were  it  not 
*  for  the  evidence  already  exhibited,  that  the  Connecticut  could 
never  have  been  more  than  100  or  200  feet  above  its  present 
level :  an  elevation  not  sufficient  to  produce  the  diluvium  that  has 
been  described. 

Another  class  of  facts  is  still  more  inexplicable  on  the  fluvial 
hypothesis.  On  the  east  side  of  the  greenstone  and  sandstone 
range,  which  passes  through  the  west  part  of  West  Springfield, 
and  which  rises  into  mount  Tom  in  Easthampton,  we  find  mixed 
with  the  bowlders  of  sandstone  and  greenstone,  many  others  of  a 
peculiar  sienitic  granite,  which  occurs  in  place,  on  the  west  side 
of  the  range  above  mentioned,  in  Northampton,  Hatfield,  and 
Wbately.  These  must  have  been  driven  over  the  greenstone 
ridge  by  a  northerly  current :  and  yet,  some  of  them  are  two  or 
three  feet  in  diameter,  and  the  ridge  is  several  hundred  feet  high. 
As  we  go  northerly,  still  continuing  on  the  east  side  of  the  green- 
stone, the  number  and  size  of  these  bowlders  increase.  We  find 
them  even  upon  the  summit  of  mount  Tom  ;  though  as  we  ascend 
this  precipitous  peak,  their  number  and  size  diminish ;  so  that  on 
the  top,  I  never  saw  one  more  than  six  or  eight  inches  in  diameter. 

oeear  on  the  southeast  side  of  the  hill,  wl^ere  they  are  found  in  place:  but  none 
on  the  northwest  side  of  the  hilL  '  This  fact,'  says  he, '  I  consider  of  yalue  in 
geology,  a^  it  concurs  with  so  many  others,  to  prove,  that  at  some  period  since 
the  creation,  there  has  been  a  powerful  current  of  water  rushing  over  our  contin- 
ent from  the  northwest  towards  the  southeast  It  is  higUy  probable  that  this  was 
ejected  bv  that  last  grand  cataclysm  which  overwhelmed  the  world,  and  to  which 
Che  traditions  and  religious  belief  of  every  nation  give  ample  testimony.'  p.  55. 
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Mow  this  mountain  rises  nearly  a  thousand  feet  above  the  phio 
which  lies  to  the  northwest ;  and  on  that  side  it  presents  a  mural 
face  several  hundred  feet  high.  Yet  these  bowlders  must  some* 
how  have  been  forced  up  this  precipice ;  since  the  bed  from  which 
they  originated  lies  in  a  northerly  direction  from  the  mountain. 

On  the  banks  of  the  WestBeld  or  Agawam  river,  in  the  west 
part  of  West  Springfield,  I  found  small  bowlders  of  quartz,  con- 
taining galena  and  blende.  Both  the  matrix  and  the  ores  corres- 
pond exactly  with  tbpse  found  in  Southampton,  Williamsburgh,  and 
Whately.  All  the  metallic  veins  in  those  towns  lie  in  a  northerly 
direction  from  the  spot  where  the  bowlders  were  found ;  and  there 
can  be  little  doubt  that  they  originated  thence. 

If  we  go  to  the  large  beds  of  serpentine  in  Middlefield  and  Blan- 
ford,  we  shall  find  bowlders  of  this  rock  on  no  side  of  them  but 
the  south.  On  that  side,  they  are  very  numerous  at  first ;  and 
continue  to  decrease  in  number  and  size  as  we  recede  from  the 
bed.  I  noticed  this  fact  most  strikingly  around  the  most  northern 
bed  of  serpentine  in  Blanford.  In  some  instances,  however,  as  in 
the  serpentine  bed  in  Westfield,  fluviatile  action  removed  the 
bowlders  in  a  difierent  direction.  The  Westfield  river,  in  that 
instance,  runs  easterly  and  crosses  the  serpentine  ;  sipd  of  course 
has  carried  bowlders  of  it  in  that  direction. 

As  we  ascend  the  broad  and  lofty  mountain  range,  west  of  Con- 
necticut river,  we  meet  occasionally  with  rounded  fragments  of 
well  characterised  granular  quartz ;  and  their  number  and  size  in- 
crease till  we  reach  the  western  base  of  Hoosic  mountain.  But 
in  vain  shall  we  search  for  this  rock  in  place  till  we  have  begun  to 
descend  Hoosic  mountain.  Along  its  western  base  are  extensive 
ledges  of  this  rock,  across  the  whole  extent  of  Massachusetts,  and 
extending  far  into  Vermont.  And  in  going  westward,  the  bowl- 
ders increase  in  number  and  size  till  we  reach  the  rock  in  place. 
These  facts  lead  to  the  conclusion,  that  the  diluvial  current  in  this 
part  of  the  State,  came  from  a  direction  nearly  northwest.  This 
opinion  is  confirmed  by  finding  numerous  bowlders  in  the  valley  of 
Berkshire,  of  gray wacke ;  an  extensive  formatibn  of  which,  reach- 
ing nearly  to  Hudson  river,  commences  a  few  miles  beyond  the 
western  boundary  of  the  State.  Some  fragments  of  this  rock  were 
found  by  Dr.  Etemons  in  Chester,  on  the  eastern  slope  of 
Hoosic  mountain ;  establishing  the  same  conclusion.  The  force 
of  this  current  must  have  been  very  great,  if  it  took  place  since 
the  surface  of  Berkshire  county  assumed  its  present  inequalities. 
For  bowlders  of  several  tons  weight  are  found  lodged  at  various 
elevations,  on  the  steep  western  escarpment  of  Hoosic  mbuntain ; 
and  as  already  remarked,  these  bowlders,  in  large  numbers,  have 
been  actually  carried  over  the  top  of  the  mountain,  and  driven 
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sotitbeasferly  from  10  to  20  miles.  I  eveD  found  2  fr&gmenC  of 
quarts  breccia,  a  foot  in  diameter,  in  Easthampton,  in  the  valley 
of  the  Ck)dnecticut.  It  was  of  so  pecufllar  a  character^  that  its 
parent  rock,  on  the  west  side  of  the  Hoosic,  could  not  be  mista* 
ken.  To  suppose  that  these  quart2S  bowlders  were  forced  by  a 
current  of  water  up  the  9teep  side  of  this  mountain,  from  1000  to 
1500  feet,  if  that  current  was  at  right  angles  to  the  direction  of 
tbe  mountain,  is  absurd.  Yet  a^  the  direction  of  the  current  was 
very  oblique  to  the  direction  ef  the  mountain,  it  is  possible  that 
there  might  have  been  power  enough  in  it  for  the  work.  And  it 
ought  also  to  be  stated  that  the  quartz  rock  in  Clarksburg  seems  to 
be  a  spur  from  the  Hoosic  range  and  rises  to  an  almost  equal  ele- 
vation, although  a  valley  of  considerable  depth  intervenes.  In 
tbe  east  part  of  Cheshire,  also,  as  well  as  in  Savoy,  the  quartz 
rock  exists  in  nlu,  at  a  high  elevation ;  especially  a  variety  that 
is  interstratified  with  gneiss.  And  no  deep  valley  intervenes  be- 
tween its  locality  and  the  top  of  the  Hoosic  range.  Tbe  situa- 
tion of  several  valleys,  also,^1ong  the  western  slope  of  this  moun- 
tain, is  very  favorable  for  enabling  a  north wesievly  currem  of  wa- 
ters to  drive  bowlders  up  tbe  declivity. 

Tbe  graywacke  bowlders  which  are. scattered  over  the  valleys 
and  hills  of  Berkshire,  and  which  are  sometimes  of  several  tons 
weight,  must  have  been  forced  over  the  Taconnic  range  of  moun- 
tains. But  tbe  western  slope  of  this  range  is  not  generally  as 
steep  as  that  of  the  Hoosic }  and  in  several  places  transverse  vi^ 
leys  occur :  or  rather  depressions  of  the  summit :  as  for  instance*, 
tbe  ravines  through  which  the  principal  east  and  west  r^ad  passes 
in  Hancock,  and  between  Canaan  and  West  Stockbridge.  StiH^  a 
prodigious  force  must  have  been  exerted  by  the  waters  in  cariying 
over  this  ridge  such  an  abundance  of  coarse  detritus^ 

Indeed,  some  may  suppose  it  necessary  to  refer  this  diluvial  ac- 
tion to  a  period  preceding  the  elevation  of  the  strata  ;  for  to  sup- 
pose it  produced  by  that  elevation,  will  not  relieve  the  difficulty  ;. 
since  the  wave  produced  by  the  rise  of  the  strata,  would  not  act 
till  Hoosic  mountain  was  actually  thrown  up  }  and  besides,  that 
wave  must  have  flowed  from  the  west  to  the  easFt ;  whereas  the 
current  that  moved  these  bowlders  must  have  come  from  a  direc- 
tion not  far  from  northwest ;  as  appears  from  the  diluvial  grooves 
and  scratches  on  tbe  rocks,  which  I  am  about  to  describe.  But  if 
these  bowlders  were  removed  by  currents  previous  to.  the  elevation 
of  the  strata ;  that  is,  while  they  were  yet  in  the  bottom  of  the 
ocean,  how  does  it  happen  that  the  blocks  are  accumulated  along 
tbe  western  base  of  the  Hoosic,  and  along  its  steep  face,  just  as 
they  would  have  been,  if  they  bad  met  with  that  mountain  to  ob- 
struct their  progress. 
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Wherever^  we  find  volleys  passing  oUiquely  up  the  face  of  this 
mountain,  especially  those  running  in  a  southeasterly  direction,  we 
find  them  abounding  with  the  peculiar  quartz  bowlders  that  have 
been  described,  just  as  would  be  the  case  if  these  bad  been  driven 
op  said  valleys  by  water  after  their  excavation.  Had  the  bowl- 
ders been  spread  over  the  surface  before  the  existence  of  the  val* 
leys,  why  should  they  be  so  much  more  numerous  in  those  valleys, 
than  upon  the  hills?  Alluvial  agents  would,  indeed,  tend  to  ac- 
cumulate them  in  valleys :  yet  by  no  means  to  the  extent  to  which 
we  now  find  them,  especially  in  broad  valleys. 

Upon  the  whole,  I  have  no  hypothesis  on  this  subject  to  propose, 
more  free  from  difficulties,  than  that  which  imputes  the  removal 
of  these  quartz  and  gray  wacke  bowlders,  in  a  southeasterly  direc- 
tion, to  the  same  debacle  of  waters,  which,  in  other  parts  of  the 
State,  has  swept  the  detritus  southerly.  What  local  cause  should 
have  deflected  the*  current  towards  the  east,  in  the  western  part  of 
the  State,  and  in  the  eastern  part  of  New  York,  I  can  hardly  con- 
ceive :  though,  I  shall  shortly  endeavor  to  show,  there  was  con- 
siderable irregularity  in  its  direction  in  that  region ;  enough,  per- 
haps, to  lead  to  the  suspicion,  that  the  deep  valleys  and  ravines, 
through  which  the  waters  must  have  rushed,  might  have  consider- 
ably modified  their  course.  But  I  think  that  the  change  of  a  few 
degrees  in  the  direction  of  the  current,  is  notso  great  an  objecUon 
to  this  hypothesis,  as  the  Sisyphean  task,  which  must  have  been 
accomplished,  if  it  be  true,  of  urging  upwards,  over  so  long  and 
steep  inclined  planes,  bowlders  so  large  and  so  numerous.  Mak- 
ing every  allowance  for  the  reduction  of  the  gravity  of  these  bowl- 
ders when  in  water,  I  confess,  I  cannot  conceive  bow  such  a  work 
could  have  been  effected  by  this  agency.  Yet  neither  can  I  con- 
ceive how  those  diluvial  elevations  and  depressions,  that  have  been 
described  in  various  parts  of  the  State,  could  have  been  produced 
by  a  deluge.  For  they  are  on  so  lai^e  a  scale,  as  to  transcend  by 
far,  the  maximum  effect,  which  I  can  conceive  to  be  produced 
by  a  flood  of  waters.  Still  it  is  undeniable  that  these  did  result 
from  such  an  agency.  Hence  I  may  underrate  the  power  of  that 
same  agency  in  the  removal  of  detritus. 

I  acknowledge,  however,  that  I  should  be  inclined  to  refer  the 
diluvial  phenomena  in  the  western  part  of  the  State,  to  a  difi[erent 
and  an  earlier  deluge  than  the  last-^perhaps  to  the  retiring  waves 
when  the  strata  were  first  elevated — did  not  facts  forbid  it.  I 
have  mentioned  some  of  these,  and  shall  soon  mention  another 
still  more  conclusive. 

In  stating  the  facts  relating  to  the  bowlders  of  sienite  on  mount 
Tom,  I  have  shown  that  the  difficulty  of  accounting  for  their  sit- 
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uatioo,  is  not  eoofined  to  the  west  part  of  the  State.  Another 
case  still  more  remarkable,  exisu  on  inouot  Toby  ;  although  not 
embracing  so  wide  an  extent  of  country.  To  the  height  of  sev- 
eral hundred  feet,  the  eastern  side  of  that  mountain  is  very  steep ; 
forming,  indeed,  in  some  places,  a  mere  precipice,  very  difficult 
to  scale.  A  narrow  valley  separates  this  side  of  the  mountain 
from  the  extensive  gneiss  range  lying  easterly,  and  rising  gradually 
into  mountain  ridges,  nearly  as  high  as  Toby.  Now  on  this  steep 
eastern  escarpment  of  Toby,  even  to  its  summit,  we  6nd  scattered 
bowlders  of  gneiss,  having  precisely  the  characters  of  the  gneiss  in 
the  north  part  of  Leverett  and  in  Montague.  True,  the  gneiss 
range  extends  so  far  to  the  west  in  Montague,  that  a  current  of 
water  from  the  north,  or  from  a  few  degrees  east  of  north  would 
carry  detritus  towards  the  eastern  slope  of  Toby.  But  Jiow  is  it 
possible  that  any  aqueous  agency  could  have  driven  it  up  so  steep 
a  declivity  ?  There  are  three  remarks  that  may  afford  the  mind 
a  little  relief,  perhaps,  in  this  difficulty.  One  is,  that  on  the  north-* 
east  side  of  Toby,  are  several  ravines,  running  northeasterly,  with 
brooks  at  their  bottom ;  and  these  might  have  once  presented 
slopes  less  difficult  of  ascent,  than  at  present.  Another  is,  that 
the  conglomerate  rock  of  Toby,  may  have  been  much  worn  away 
by  alluvial  agents  since  the  removal  of  these  bowlders,  and  con« 
sequently  the  eastern  slope  of  the  mountain  may  have  been  fonn- 
erly  much  less  precipitous.  Indeed,  the  great  quantity  of  huge 
rocky  masses  that  lie  along  the  base,  renders  such  a  supposition 
prolmble.  Finally,  these  bowlders  may  have  been  .removed  to 
their  present  situation  ere  the  valley  on  the  east  side  of  the  moun« 
tain  existed,  and  before  the  elevation  of  the  strata  into  their  pres-' 
ent  situation.  For  I  know  of  no  circumstances  in  the  region,  thai 
are  opposed  to  such  a  supposition. 

There  is  also  a  suggestion  that  I  wish  here  to  make,  respectin|; 
all  those  bowlders  which  have  been  forced  up  steep  dedivities  by 
a  force  apparently  greater  than  we  can  imagine  water  alone  to  exert. 
We  do  know  that  where  large  masses  of  ice  are  frozen  to  the  earth 
and  suddenly  torn  up  by  a  deluge,  or  where  a  swollen  current 
urges  along  large  quantities  of  ice,  numerous  bowlders,  and 
those  of  great  size,  are  often  thus  borne  up  and  removed  to  a 
great  dbtance.  Now  may  not  this  cause  of  removal  have  been 
in  operation  at  the  period  of  the  last  deluge  ?  Especially  may  we 
not  admit  this,  when  we  have  such  conclusive  evidence  that  that 
deluge  came  from  the  north  ?  Must  not  the  polar  ice  have  been 
driven  southerly  in  great  quantities  ?  And  might  not  the  tern* 
perature  of  this  part  of  the  globe  have  been  so  raised,  that  during 
the  continuation  of  the  deluge,  those  masses  of  ice  might   have 

20 
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been  frozen  to  the  bowMers"  in  the  vaines  so  as  to  lift  tbenrfrORi  the 
soil  when  the  waters  become  more  violent  or  have  risen  higher? 

I  have  also  been  led  by  the  phenomena  of  ice  floods  to  inquire, 
whether  many  of  those  immense  elevations  and  depressions 
which  some  of  our  diluvium  exhibits,  might  not  have  partly  re- 
sulted from  the  same  cause  ?  For  where  a  stream  has  been  turned 
from  its  bed  by  such  a  flood,  and  gone  for  weeks  to  find  its  way 
through  the  crevices  of  large  fields  of  broken  ice,  it  sometimes 
scoops  out  cavities  and  raises  hillocks  little  inferior  in  size  to  those 
occuring  in  our  diluvium.  Might  not  the  dihivial  waters  have  op- 
erated in  the  same  way,  after  having  covered  the  surface  of  out 
continent  with  vast  accumulation  of  arctic  ice? 

I  throw  out  these  hints  in  the  feeble  hope  that  they  may 
shed  a  ray  of  light  on-  an*  obscure  and  difficult  subject. 

Mixed  with  the  granite  bowlders  on  the  eastern  slope  of  Hdo- 
sic  mountain,  are  masses  of  a  peculiar  kind  of  granite,  distinguished 
by  its  unusual  tendency  to  disintegration.  The  parent  nx;k,  flt>ni 
which  it  was  derived,  I  have  never  yet  discovered ;  bnt  predict 
that  it  will  be  found  along  the  western  side*  of  Hoosic  mountaio, 
in  Clarksburg,  or  farther  norlh.*^ 

Diluvial  Grooves  and  Scratches  upon  the  Rocks  in  Place. 

The  second  argwnent  that  shows  the  direction  of  the  last  dilu- 
vial current  in  Massachusetts  to  have  been  towards  the  south  and 
southeast,  is  based  upon  the  eodatence  of  grooves,  furrows,  and 
scratches,  upon  the  surfaces  of  the  rocks,  that  have  never  been 
moved  from  their  place.  The  water- worn  appearance  of  those 
rocks,  in  every  part  of  the  State,  which  are  undergoing  no  disin- 
tegration at  their  surface,  must,  it  would  seem,  arrest  the  attention 
of  a  very  careless  observer :  although  I  have  been  surprised  to 
meet  with  sa  few  men^who  have  noticed  the  fact.  In  some  cases, 
however,  the.  rocks  are  not  merely  smoothed^  but  are  grooved'and 
furrowed,  as  if  heavy  and  irregular  bodies  had  been  dragged  over 
their  surfaces.  The  ibllowing  sketch  exhibits  a  rock  of  this  db^ 
scription  near  the  turnpike,  fconi  Boston  to  Chelmsford,  near  the 
one  between  Bedford  and  Billerica,  and  not  far  from  the  sixteenth 
mile  stone  from  Boston.  The  rock  is  intermediate  between  gneiss 
and  mica  slate.  Its  strata  seams  run  in  the- direction^  ^y  o'r  ^^^ 
the  grooves  and  scratches  in  the  direction  b,  b^ 

♦  Since  the  publication  of  the  first  edition  of  this  Report,  Professor  Emmons  has 
informed  me  that  this  conjecture  is  true.  I  have  accordingly  exhibted  on  the  ge- 
ological Map  accompanying  the  present  edition,  a  patch  of  granite  in  that  place. 


Digitized  by  VjOOQ IC 


DUuvial  Grooves  and  Scratches.  i€7 


Diluvial  Grooves  in  Ghieiss:  Billerica. 

The  direction  of  these  grooves  is  nearly  north  and  south  ;  and 
this  is  their  general  course  in  every  part  of  the  State,  east  of  Hoo- 
sic  mountain.  Commonly,  however,  tbey  run  a  few  degrees  east 
of  south,  and  west  of  north.  I  shall  first  mention  several  locali- 
ties where  these  furrows  correspond  in  direction  to  this  description, 
and  then  notice  a  few  anomalous  cases  in  the  west  part  of  the  State. 

One  hundred  rods  east  of  the  village  on  Fall  River,  in  Troy, 
ire  grooves  and  scratches  on  granite.  Some  of  the  bowlders  ly- 
ing on  the  surface  here  will  weigh  from  50  t(^  100  tons. 

Similar  grooves  occur  on  a  road  leading  from*  the  south  part  of 
Scituate  to  Hanover  four  corners.     The  rock  is  granite. 

Also  in  Abington,  Randolph,  Canton,  Sharon,  Dedham,  and 
Dover ;  on  granite  and  sienite  ;  very  common. 

Also  on  the  conglomerate  in  Dorchester. 

In  passing  from  Worcester  to  Berlin,  through  Boylston,  the  like 
appearances  present  themselves  frequently  on  tbe  surface  of  the 
gneiss  and  mica  slate. 

Likewise  in  several  places  between  Andover  and  Boston,  on 
granite  and  sienite. 

The  high  hill  of  gneiss  in  the  centre  of  Rutland,  exhibits  the 
same.  ^ 

On  the  top  of  Wachuselt  mountain,  3000  feet  above  the  ocean,  a 
few  rods  northwest  from  the  prospect  house,  these  furrows  may  be 
seen ;  though  less  distinct  than  in  many  other  places.  The  rock 
generally  on  that  side  of  the  mountain,  ap{»ears  distinctly  water- 
worn. 

In  Westford,  one  mile  north  of  the  meeting  house,  on  the  road 
to  Dunstable,  b  a  fine  example,  on  mica  slate. 

In  Marblebead,  on  sienite,  15  rods  southeast  of  the  residence  of 
tbe  Hon.  William  Reed,  near  a  meeting  house,  are  quite  distinct 
furrows. 

They  appear  on  gneiss,  near  the  meeting  house  in  Petersham, 
though  not  very  distinct. 


Digitized  by  VjOOQ IC 


168  Scientific  Geology. 

At  the  north  end  of  Federal  Street^  in  Greenfield,  and  also  half 
a  mile  northeast  of  the  Episcopal  chur6h,  on  the  road  to  Gill, 
these  grooves  are  very  distinct,  on  red  sandstone. 

In  the  southeast  part  of  Deerfield,  near  the  banks  of  Connecti- 
cut river,  about  I  wo  miles  north  of  Sunderland  bridge,  they  oc- 
cur on  trap  rock.  Also  very  distinct  and  numerous  in  the  north 
part  of  Sunderland,  from  200  to  400  feet  above  the  river,  on 
sandstone  and  greenstone.  Other  cases  in  the  Connecticut  valley 
might  be  mentioned  ;  but  as  they  might  reasonably  be  imputed  to 
fluviatile  action,  if  there  were  no  other  similar  cases  on  higher 
ground,  I  shall  omit  them.  Indeed,  I  am  in  this  case  inclined  to 
believe  them  of  fiuviatile  origin  :  except  perhaps  where,  as  ia 
Gill,  we  find  grooves  on  the  tops  of  the  highest  hills. 

Between  Whitingham  and  Wilmington,  Vt.  are  numerous  cases 
on  gneiss  and  mica  slate. 

A  very  fine  example  occurs  on  the  lofty  hill  in  the  north  part 
of  Rowe.  This  hill  rivals  even  Hoosic  mountain  in  elevation. 
Near  Rowe  meeting  house,  is  another  example.  Fifty  rods  south 
of  the  meeting  house  in  Heath — a  point  higher  than  the  the  cen- 
tre of  Rowe — ^are  several  other,  though  no  very  striking  ex- 
amples. • 

In  Blanford  is  one  of  the  most  striking  examples  of  diluvial 
grooves  in  the  State.  The  hill  half  a  mile  north  of  the  congre- 
gational meeting  bouse,  where  it  occurs,  is  very  high ;  overlook- 
ing all  the  surrounding  mountainous  country. 

A  similar  example  may  be  seen  near  the  meeting  house  in  Nor- 
folk, Ct.  Also  on  Canaan  mountain,  4  or  5  miles  south  of  Mas- 
sachusetts line. 

On  the  conglomerate  in  the  southeast  part  of  Newport,  Rhode 
Island,  may  be  seen  diluvial  scratches,  running  from  10  to  20  de- 
grees west  of  north  and  east  of  south. 

From  what  has  been  said  concerning  the  distribution  of  bowl- 
ders as  we  approach  the  western  part  of  the  State,  we  should  ex- 
pect that  these  furrows  would  there  have  a  direction  nearly  north- 
west and  southeast.  Accordingly,  near  the  turnpike  from  Green- 
field to  Williamstown,  on  the  top  of  Hoosic  mountain,  whk:h  is 
about  2400  feet  above  the  sea,  we  find  grooves  on  the  mica  slate, 
running  W.  20^  N.  This  is  near  the  eastern  mai^in  of  the  moun- 
tain. They  occur,  also,  near  the  western  margin  ;  having  nearly 
the  same  direction.  In  the  northwest  part  of  Windsor,  just 
where  Hoosic  mountain  begins  to  slope  westerly,  I  found  grooves 
running  nearly  north  and  south.  But  for  3  or  4  miles  easterly 
from  the  meeting  house,  are  numerous  distinct  cases  where  the 
course  is  almost  exactly  northwest  and  southeast. 
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Id  the  west  part  of  Wortbingtoo,  which  is  several  rniles  east  of 
the  top  of  the  mountain,  these  grooves  run  W.  SO^'  N.  But  in 
Middlefield,  where  they  abound  near  the  meeting  house,  and  the 
residence  of  Gen.  Mack,  they  run  much  nearer  north  and  south. 
On  that  part  of  Saddle  mountain,  call  Bald  mountain,  also,  are 
faint  scratches,  very  difficult  to  examine  on  account  of  their  coin- 
ciding so  nearly  with  the  direction  of  the  layers  of  the  rock.  But 
they  run  not  far  from  north  and  south.  Gray  Lock,  which  is  sev- 
eral hundred  feet  higher  than  Bald  mountain,  is  so  covered  with 
vegetable  mould,  that  I  had  no  opportunity  to  discover  diluvial 
furrows,  if  they  exist  there. 

Id  passing  from  Albany,  N.  Y.  to  West  Stockbridge,  Massa- 
chusetts, through  Greenbush,  Schoodack,  Nassau,  and  Chatham,  I 
met  with  several  examples  of  diluvial  gix}oves  upon  the  surface  of 
the  graywacke ;  particularly  in  Schoodack  and  Nassau.  Their 
direction  was  almost  uniformly  N.  W.  and  S.  E. ;  though  some- 
times  approaching  a  few  degrees  nearer  to  north  and  south.  The 
surface  of  this  rock  in  general,  especially  of  the  slaty  varieties,  is 
too  liable  to  decomposition  to  retain  for  centuries  the  marks  of 
former  abrasions  ;  and  I  was  rather  surprised  to  meet  with  any  in* 
stances.  Yet  I  am  satisfied  that  some  rocks  retain  these  marks, 
although  their  surfaces  have  suffered  disintegration  to  a  much 
greater  depth  than  that  of  the  grooves.  For  since  the  disintegra- 
tion takes  place  at  the  surface  only,  the  grooves  and  correspondent 
ridges  may  remain,  although  layer  after  layer  scales  off.  Yet  the 
ridges  will  be  liable  to  suffer  rather  the  most  from  atmospheric 
agents ;  and,  therefore,  in  some  rocks,  they  will  probably  soon 
disappear. 

It  may  be  well  in  this  place  to  suggest  a  caution  against  Ihistak- 
ing  the  structure  of  the  rock  as  revealed  by  disintegration,  for  these 
diluvial  furrows.  Some  varieties  of  mica  slate  exhibit  a  surface 
extremely  resembling  one  mechanically  grooved.  But  in  that 
rock,  the  direction  of  these  pseudo-grooves  always  corresponds 
with  that  of  the  layers  of  the  rock ;  and  thus  the  deception  may 
be  discovered.  But  sienite  and  greenstone,  which  contain  segre- 
gated  veins,  sometimes  present  cases  that  are  very  perplexing. 
One  of  these  may  be  seen  on  the  top  of  mount  Tom,  a  few  rods 
north  of  the  signal  staff,  erected  for  the  Trigonon>etical  Survey  of 
the  Sute.  The  prevailing  direction  of  the  apparent  furrows  there, 
b  nearly  north  and  south ;  and  did  th^  not  run  east  and  west 
within  a  rod  or  two  of  the  spot,  I  should  have  put  down  this  as  a 
genuine  case  of  diluvial  grooves.  But  examination,  after  my  sus- 
picions were  excited  by  this  circumstance,  satisfied  me  that  it  is 
only  the  internal  structure  of  the  rock,  that  is  here  revealed  by  the 
unenual  dbintegration  ot^  the  surface. 


Digitized  by  VjOOQ IC 


170  Scientific  Oeology. 

But  to  return  to  a  consideration  of  the  diluvial  grooves  in  the 
western  part  of  the  State:  I  think  it  obvious,  from  the  examples 
that  have  been  adduced,  that  the  general  direction  of  the  waters 
therei  as  well  as  in  the  eastern  part  of  New  York,  must  have  been 
from  northwest  to  southeast.  The  two  exceptions  mentioned,  I 
think  may  be  explained  by  their  local  situation,  in  consistency  with 
this  supposition. 

Now  these  furrows  on  Hoosic  mountain,  and  in  New  York,  are 
as  distinct  as  in  other  parts  of  Massachusetts:  and,  there- 
fore, we  roust  consider  them  all  as  produced  at  the  same  epoch. 
Had  there  been  any  great  difference  in  the  time  of  their  produc- 
tion, especially  had  one  set  of  them  been  the  result  of  the  eleva- 
tion of  the  strata,  and  the  other  of  the  last  deluge — events  that 
form  almost  the  limits  of  geological  changes  in  point  of  time — ^the 
oldest  must  have  been  lost,  or  become  obscure.  Whatever  difB- 
eulties  attend  the  supposision,  therefore,  1  think  we  must  regard 
all  these  diluvial  grooves  in  the  State  as  having  oresulted  from  the 
same  deluge. 

It  would  be  easy  to  multiply  examples  of  this  kind  of  diluvial 
action.  But  the  cases  that  haVe  been  described,  occurring  as  they 
do  in  every  part  of  the  State,  and  frequently  upon  its  highest 
mountains,  seem  sufficient  to  lead  every  reasonable  man  to  the 
conclusion,  that  these  grooves  and  furrows  were  produced  by  the 
large  bowlders,  which  now  strew  the  surface,  and  exhibit  in  their 
rounded  forms  and  smooth  surfaces,  the  marks  of  powerful  abra- 
sion And  since  we  uniformly  find  these  bowlders  to  the  south 
and  southeast  of  their  parent  rock,  how  can  we  doubt  that  a  mighty 
current  df  water  has  sometime  or  other  swept  over  the  surface 
from  the  north  iind  northwest  ?  It  seems  to  m^,  that  in  regard  to 
Massachusetts,  the  evidence  of  such  a  deluge  is  complete  ;  and  it 
is  difficult  to  see  how  it  could  be  more  conclusive. 

Origin  of  the  Diluvium  of  Massachiuetts. 

It  is  maintained  by  those  geologists  who  account  for  all  geolog- 
ical changes  by  existing  causes,  acting  with  no  greater  intensity 
than  at  present,  that  most  of  the  stratum  which  I  have  described 
as  diluvium,  has  been  produced  and  brought  into  its  present  state 
by  the  action  of  existing  streams,  rains,  frost,  and  other  agents  now 
in  operation.  But  the  simple  fact  that  the  current  must  have  bad 
a  southerly  direction  in  every  part  of  the  State,  and  has  left  traces 
of  its  action  on  our  highest  mountains,  renders  such  a  supposition, 
it  seems  to  me,  altogether  untenable.  For  how  could  rivers  have 
risen  so  high  ;  or  how,  unless  it  were  a  single  river,  not  less  than 
200  miles  wide,  could  the  waters  have  produced  such  effects  ? 
The  same  difficulty  is  in  the  way  of  supposing,  as  do  some  fluvial- 
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itis,  that  tbe  land  was  once  much  lower  than  at  present,  baying 
been  gradually  elevated  by  earthquakes.  Admit,  if  it  be  wished, 
that  the  surface  was  onee  much  lower  than  its  present  level :  the 
difficulty  will  still  be  to  find  a  current  SOO  miles  wide. 

Other  geologists,  who  perceive  the  utter  insufficiency  of  such 
causes  to  account  for  diluvium,  have  imputed  very  much  of  it,  and 
also  diluvial  grooves  and  furrows,  to  tbe  retiring  waters  of  the 
ocean,  when  first  the  solid  strata  were  elevated.  I  doubt  not  that 
such  was  the  origin  of  much  of  the  diluvium  that  now  covers  the 
globe.  But  I  think  it  quite  obvious  that  all  the  diluvium  in  Mas* 
sacbusetts,  which  was  produced  by  this  and  other  causes,  has  been 
modified  by  a  delete  long  subsequent  to  tbe  elevation  of  our  con- 
tinent firom  the  ocean.  For  by  examining  tbe  sections  of  our  rock 
strata,  appeioed  to  this  Report,  as  well  as  tbe  Map  illustrative  of 
tbe  course  of  the  same,-  it  will  be  seen  ibat  their  prevailing  dip  is 
easterly,  and  their  general  direction  north  and  south.  Hence  the 
anticlinal  line  of  these  strata,  that  is,  their  axis  of  elevation,  must 
be  sought  farther  west  than  Massachusetts;  and,  consequently,  the 
retiring  waters  must  have  rushed  from  tbe  west  at  that  epoch. 
But  the  actual  current  of  the  last  deluge  came  from  the  north  and 
northwest,  as  I  have  abundantly  shown ;  and  therefore,  it  could 
not  have  resulted  from  the  elevation  of  the  strata. 

In  tbe  eastern  part  of  the  State,  however,  it  will  be  observed 
that  tbe  strata  of  the  graywacke  formation  run  generally  east  and 
west.  But  they  dip  northerly }  and  hence  tbe  current  of  water, 
which  their  elevation  produced,  must  have  been  towards  tbe  north ; 
though  if  we  suppose  it  to  have  been  southerly,  thfs  formation  is 
too  limited  in  extent  to  account  for  diluvial  action  over  tbe  whole 
State. 

But  there  is  another  circumstance,  showing  thai  tbe  last  deluge 
that  swept  over  this  State,  was  long  subsequent  to  tbe  elevation  of 
tbe  strata.  If  we  admit,  what  I  think  is  true,-  that  the  tertiafy 
formation  exhibited  en  tbe  Map  along  Connecticut  river,  was  de^- 
posited  before  the  last  deluge,  it  will  follow  that  the  elevation  of 
tbe  strata  could  not  have  been  tbe  cause  of  that  deluge.  Fer  the 
strata  of  this  tertiary  formation  are  horiaontal ;  and,  therefore,  must 
hftve  been  deposited  after  tbe  elevation-of  the  strata  of  tbe  solid 
rocks  beneath.  Otherwise  tbe  strata  of  tbe  tertiary  formation 
would  also  have  been  raised  and  dislocated.  Hence  tbeve  must 
have  been,  at  least,  an  interval  long  enough ^  between  tbe  elevation 
of  tbe  strata  and  tbe  last  deluge,  for  the  deposition  of  this  tertiary 
formation.  And  if  we  take  the  statement  of  Dr.  Macculloch,*  in 
respect  to  the  filling  up  of  the  lakes  of  Scotland,  as  a  standard  of 

•  MaccuUoch's  System  of  Geology.    London,  1831— Vol.  I.  p.  507. 
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comptrison.  this  will  be  shown  to  have  been  no  epbenieral  period. 
He  states  that  these  lakes  ^  shoal '  at  the  rate  of  half  a  foot  a  cen- 
tury :  afid  I  apprehend  that  the  tertiary  formation  under  consideration 
cannot  be  less  than  150  feet  in  depth.  Nor  can  we  suppose  that 
this  is  but  a  small  part  of  the  period  that  actually  intervened  be- 
tween these  two  events :  which  may  be  regarded  as  almost  the  first 
and  the  last  of  the  geological  catastrophes  that  have  happened  on 
our  globe.  This  opinion  might  be  sustained  by  an  appeal  to  facts 
and  principles :  but  I  conceive  that  this  is  not  the  proper  place  for 
entering  into  such  discussions. 

I  may  seem  here,  however,  to  be  advancing  opinions  contradic- 
tory to  the  Mosaic  chronology  of  the  globe.  But  they  are  simply 
opposed  to  the  prevaling  interpretation  of  that  record.  If  we  only 
suppose,  what  many  of  the  ablest  theologians  and  philologists  main- 
tain, and  what  geological  researches  imperiously  demand,  that 
Moses,  after  describing  in  the  first  verse  of  his  history,  the  original 
creation  of  the  universe  '  in  the  beginning,'  passes  over  in  silence 
a  long  intervening  period,  before  he  gives  us  an  account  of  the 
earth  in  its  present  state,  and  of  the  creation  of  its  present  inhabit- 
ants, all  apparent  collision  between  geology  and  revelation  vanishes. 
Such  an  opinion  I  have  adopted,  not  merely  because  fiiots  in  geol- 
ogy demand  it,  but  because  it  seema  equally  required  by  a  fair 
interpretation  of  the  language  of  Moses. 

But  to  return  from  this  digression ;  it  seems  to  me  that  the  fiiir 
result  of  all  the  facts  and  reasonings  which  I  have  presented  on 
the  subject  of  diluvial  action  is,  that  a  mighty  deluge  has  swept 
fifom  the  north  and  northwest  over  every  part  of  Massachusetts ; 
and  that  it  cannot  be  accounted  for  by  the  original  elevation  of  the 
strata  of  rocks  ;  nor  can  our  diluvial  phenomena  be  explained  by 
the  agency  of  rivers,  rains,  frosts,  or  any  other  causes  acting  with 
their  present  intensity.  This  deluge  must,  then  have  occurred  since 
the  earth's  surface  assumed  essentially  its  present  form :  and  was  the 
last  of  those  catastrophes  to  which  this  part  of  the  globe  has  been 
subject ;  and  which  cannot  be  referred  to  existing  agencies.  The 
inquiry  naturally  arises,  whether  this  deluge  was  identical  with  that 
described  by  Moses.  I  have  already  remarked  that  this  questbn 
can  have  no  very  great  interest  as  bearing  upon  the  veracity  of  the 
sacred  historian ;  since  nearly  all  geologists  agree  that  their  science 
exihbits  no  evidence  against  the  occurrence  of  such  a  deluge  as  he 
has  described.  Yet,  as  it  is  a  characteristic  of  human  nature  to  go 
from  one  extreme  to  another,  and  as  it  has  been  customary  to  impute 
almost  every  geological  change  to  the  deluge  of  Noah,  is  it  not 
probable  that  philosophers,  disgusted  with  so  much  false  reasoning 
on  the  subject,  will  be  apt  to  overlook  even  creditable  geological 
evidence  of  that  event  ?     I  have  shown,  if  I  mistake  not,  that  the 
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last  deluge  in  Massachusetts  was  universal,  and  that  it  was  com- 
paratively recent.  The  deluge  of  Noah  is  described  as  universal 
over  the  globe ;  and  historical  records  give  us  no  account  of  one 
more  recent.  Where  then  is  the  objection  against  considering 
them  as  identical  ?  Until  some  substantial  reason  can  be  given 
against  such  a  conclusion,  is  it  not  unphilosophical  to  refuse  to 
admit  it  ? 

I  have  thus  far  reasoned  exclusively  from  diluvial  action  in 
Massachusetts.  But  there  is  evidence  that  the  last  deluge  rushed 
from  the  north  over  all  that  part  of  North  America,  between  Nova 
Scotia  and  Lake  Huron,  Dr.  Bigsby  has  stated  facts  in  the  sixth 
volume  of  the  Geological  Transactions,  and  the  Messrs.  Lapham^ 
more  recently,  in  the  22d  volume  of  the  Am«  Jour,  of  Science, 
proving  the  truth  of  this  statement  in  respect  to  the  country  about 
our  western  lakes;  and  Messrs.  Jackson  and  Alger,  in  their  recent, 
able  memoir  on  the  Mineralogy  and  Geology  of  Nova  Scotia,  have 
drawn  the  same  inference  from  the  present  position  of  erratic  bowl- 
ders in  that  country.  Do  not  these  facts,  in  connection  with  those 
stated  in  this  Report,  render  it  extremely  probable,  that  over  the 
whole  breadth  of  North  America,  the  current  came  from  the  north  : 
although  deflected  in  some  places  by  local  causes  ? 

Nor  is  this  all.  The  facts  that  have  been  observed  in  relation 
to  diluvial  action  in  England,  Scotland,  Ireland,  Sweden,  Germany, 
Russia,  and  the  Northern  parts  of  Asia,  seem  to  justify  the  infer-^ 
ence,  that  the  last  deluge  in  those  portions  of  the  globe^  came  from 
the  north  ;  though  modified  in  its  conrse  by  local  causes.  *  Hence 
it  would  seem  that  this  deluge,  in  all  the  northern  parts  of  the 
gIobe»  had  this  direction  ;  and  may  have  been  produced  by  the 
elevation  of  an  extensive  portion  of  the  bottom  of  the  Arctic 
ocean.  De  La  Beche,  in  his  recent  able  Geological  Manual,  f 
seems  to  regard  the  ^  centre  of  disturbance '  as  situated  to  the 
north  of  Europe;  and  leaves  us  to  infer  that  diluvial  action  in 
America  was  merely  the  result  of  the  mighty  wave,  proceeding 
from  that  centre.  But  so  far  as  I  can  judge  from  the  accounts 
which  European  geologists  have  given  us  of  diluvial  action,  in  that 
quarter  of  the  globe,  I  doubt  exceedingly  whether  it  has  left  traces 
by  any  means  as  striking  as  in  this  country.  As  to  grooves  and 
furrows  in  the  rocks,  for  example,  the  writer  above  quoted  says, 
that '  Sir  James  Hall  even  considers  that  a  rush  over  the  land  (in 

♦  Mr.  J.  Phillips  infers  from  recent  examination  in  Yorkshire,  England,  that 
the  diluvial  current  there  was  from  the  north  and  northwest.  And  Mr.  Mur- 
ckisson  finds  that  the  direction  of  the  diluvial  markings  on  the  rocks  in  Brora 
district,  Scotland,  is  uniformly  from  N.  "N.  W.  to  S.  S.  E.  Sec  PhilosopAical 
Magazine,  Vol.  2,  N,  Series^  pp.  140  and  150. 

t  Page  l&l. 
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Scotland^)  has  left  traces  of  its  course  in  the  shape  of  furrows, 
which  the  transported  mineral  substances,  moving  with  great  veloc- 
ity, have  cut  into  the  solid  rocks  beneath.'  Such  language  im- 
plies that  these  traces  are  by  no  means  common,  as  in  our  coun- 
try. Have  we  not  then  reason  for  supposing  that  the  '  centre  of 
disturbance '  might  have  been  situated  nearer  to  this  continent  than 
to  Europe  ?  Although  the  general  direction  of  the  current  on 
both  continents  seems  to  imply  that  its  situation  was  not  far  from 
the  north  pole. 

The  recent  profound  generalizations  of  Elie  de  Beaumont,  in 
regard  to  the  elevation  of  mountain  chains,  at  various  epochs, 
seem  to  have  rendered  it  all  but  certain,  that  the  deluge  of  history 
was  produced  by  such  an  event.  This  is  the  opinion  of  Beau- 
mont. The  elevation  of  a  chain  of  mountains  from  the  ocean's 
bed,  ^  would  produce  effects  in  countries  remote  from  the  spot/ 
says  he, '  similar  to  the  sudden  and  transient  deluge  of  which  we 
find  traces,  and  of  a  uniform  date,  in  the  archives  of  all  peo- 
ple.'— ^ If  that  historical  event,'  he  adds, 'be  nothing  else  but 
the  latest  of  the  revolutions  on  the  earth's  surface,  it  will  be  nat- 
ural to  inquire,  what  chain  of  mountains  was  elevated  at  the  same 
date ;  and  possibly  it  will  reach  the  case  to  remark,  that  the  chain 
of  the  Andes,  whose  breathing  volcanoes  are  yet  generally  active, 
forms  a  ridge  the  most  extended,  the  most  decided,  and  the  least 
changed  from  the  actual  external  configuration  of  the  terrestrial 
globe.'^  If  it  be  true,  however,  that  the  diluvium^  which  I  have 
described,  received  its  present  form  and  position  from  the  histori- 
eal  deluge ;  and  if  the  direction  of  the  current  in  all  northern 
countries  was  frop  the  north ;  it  is  difficult  to  conceive  how  either 
the  flux  or  reflux  of  the  ocean,  produced  by  the  elevation  of  the 
Andes,  could  have  been  in  that  direction.  But  the  history  of  Ice- 
land proves,  that  mountains  have  been  elevated  in  the  northern' 
part  of  our  globe  by  internal  forces,  within  a  comparatively  recent 
period :  and  this  circumstance  takes  away  all  improbabilities  from 
the  supposition  that  the  centre  of  disturbance  was  there  at  the  time 
of  the  Mosaic  deluge.  And  is  not  this  opinion  strengthened  by 
the  discovery  of  the  antediluvian  elephant,  incased  in  ice,  on  the 
shores  of  Kamtschalka :  and  of  the  tiger  in  the  frozen  gravel  of 
the  same  regions ;  showing  that  the  waters  of  the  Arctic  ocean 
-were  poured  over  that  country  when  these  animals  were  enveloped, 
producing  such  a  change  of  temperature,  that  not  until  the  pres- 
ent century,  did  the  ice  melt  away  enough  to  disclose  their  re- 
mains. 

♦  Recherches  sur  quelqufis-unies  Des  Revolutions  de  la  Surface  du  Globe.— 
Pajis  1830. 
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Mounds  in  the  Western  States. 

Before  concluding  the  subjects  of  alluvium  and  diluvium,  I  hope 
I  shall  be  excused  for  making  a  short  digression.  Although  it 
may  seem  arrogant  in  one  who  has  never  personally  inspected  the 
celebrated  mounds  of  our  western  states,  so  universally  regarded 
as  the  work  of  man,  I  hesitate  not  to  advance  the  opinion  with 
great  conBdence,  that  they  are  almost  universally  the  results  of 
diluvial  and  fluviatile  action.  To  say  nothing  of  their  great  num- 
ber and  size,  which  would  render  their  construction  a  work  of 
ages  for  all  the  millions  of  the  globe,  there  is  one  fact  $tated  by  an 
acute  writer,  that  must  put  the  question  at  rest.  He  says  that  he 
'  bad  never  examined  one  that  was  not  composed  of  different  stra- 
ta of  earth,  invariably  lying  horizontally  to  the  very  edge  of  the 
mound.  '*  Now  I  take  it  upon  me  to  say,  that  it  is  altogether  be- 
yond the  art  of  man  to  pile  up  large  bills  of  loam,  sand,  clay,  8ic. 
so  as  to  exhibit  the  stratified  structure  here  spoken  of.  Let  any 
man  but  examine  the  alluvial  or  tertiary  banks  of  a  river  having 
a  stratified  structure,  and  he  will  at  once  see  that  human  skill  can 
never  i/nitate  this  work  of  water.  These  mounds,  therefore,  scat- 
tered as  they  are  in  immense  numbers  over  the  western  regions, 
are  the  work  of  God  and  not  of  man.  They  were  either  piled 
up  by  diluval  action,  or  the  they  are  remnants  of  tertiary  forma- 
tions, that  have  been  mostly  removed  by  rains,  land  floods,  and 
deluges.  We  have  an  abundance  of  just  such  mounds  in  New 
England,  which  need  only  a  lively  fancy  to  convert  into  the  pro- 
ducts of  a  once  mighty  and  highly  civilized  people.  The  south- 
eastern part  of  Massachusetts  abounds  with  hills  of  this  descrip- 
tioD.  In  the  more  central  parts  of  the  State  they  are  less  com- 
mon. Yet  the  traveller  wQl  frequently  meet  with  elevations  of 
this  kind,  which  viewed  in  certain  directions  are  regular  cones. 
Such  examples  may  be  seen  in  Franklin  and  its  vicinity.  One 
occurs  a  mile  or  two  east  of  the  meeting  house  in  Enfield,  on  the 
banks  of  a  small  stream :  and  a  similar  one  may  be  seen  in  Deer- 
field,  at  the  foot  of  Long  Hill,  two  miles  south  of  the  village. 
In  making  the  road,  one  hklf  of  this  mound  has  been  dug  away, 
so  as  to  exhibit  its  horizontal  strata.  Others  may  be  seen  on  the 
stage  road  between  Belchertown  and  Ware.  That  such  elevations 
should  have  been  selected,  both  in  New  England  and  at  the  west, 
for  the  habitations,  the  forts,  and  the  burying  places  of  the  abo- 
ri^nals,  is  just  what  we  might  expect.  And  this  circumstance  has 
doubtless  given  rise  to  the  idea  that  these  mounds  are  artificial. 
Nor  will  the  belief  that  we  can  point  to  monuments  of  human  skill 
more  ancient  than  the  pyramids  of  Egypt  be  likely  to  receive  a 
very  strict  scrutiny,  or  be  easily  abandoned. 

♦  DliaoiB  Magazine  Vol.  I.  p.  252. 
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Stratification  of  Diluvium. 
Though  in  this  formation  the  materials  be  confusedly  mingled 
together,  yet  it  must  not  be  understood  that  it  is  entirely  homoge- 
neous and  destitute  of  stratification.  In  all  deluges,  during  their 
swelling  and  subsiding,  there  will  be  more  or  less  of  flux  and  re- 
flux, of  violence  and  quiescence  in  the  waters,  and  of  course  the 
materials  deposited  will  be  sometimes  finer  than  at  others. 
This  will  lay  the  foundation  for  stratification  ;  and  indeed,  most  di- 
luvium exhibits  as  much  of  it  as  those  coarse  consolidated  con- 
glomerates in  the  older  rocks,  which  sometimes  alternate  with 
sandstones  and  even  shales.  This  resemblance  in  their  character 
is  interesting,  because  it  proves  an  identity  of  causes  in  their  pro- 
duction. It  is  not  very  common,  however,  to  see  in  our  diluvium 
a  very  sudden  change  from  coarse  to  fine  materials.  I  was  hence 
interested  in  the  section  of  a  diluvial  hill  in  Schoodac,  N.  York, 
through  which  (as  laid  bare  by  excavating  the  road,)  there  extended 
a  stratum  of  loam,  the  mass  of  the  hill  being  made  up  of  coarse 
gravel.  This  stratum  was  only  a  foot  thick  at  its  upper  extremity, 
and  dipped  a  few  degrees  towards  the  north.  Near  its  lower  ex- 
tremity, it  had  been  bent  downwards  nearly  at  right  angles,  as 
shown  below  ;  and  the  upright  portions  were  drawn  out,  as  if  in  a 
plastic  state  when  the  lower  part  slid  downwards.  For  to  sup- 
pose that  the  hill  had  thus  sunk,  will  satisfactorily  explain  the 
case ;  and  as  such  an  occurrence  would  be  more  likely  to 
take  place  when  the  whole  mass  was  saturated  with  water, 
we  should  expect  that  the  loam  would  be  in  a  plastic  slate.  Very 
probably  the  inclined  position  of  the  whole  stratum  resulted  from 
a  slipping  down  of  that  part  of  the  hill  which  embraced  it. 


Diluvial  Bank:  Schoodac,  N.  Y. 

Mineral  Contents. 

Since  diluvium  embraces  portions  of  every  rock  that  rises  to 
the  surface,  we  might  expect  to  find  in  it  specimens  of  all  the  min- 
erals which  the  rocks  in  place  contain.      And  it  would  be  easy 
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to  enumerate  a  very  extensive  list,  in  this  formation,  in  Massachu- 
setts. But  this  could  be  of  no  use :  and  I  shall  only  mention 
the  few  which  are  of  special  interest. 

The  most  important  of  these  is  native  gold,  which  exists  in  di- 
luvium in  Somerset,  Vt.  The  soil  from  which  I  saw  it  washed, 
was  taken  only  about  a  foot  below  the  surface,  and  consisted  of 
loam,  or  of  sand  and  clay,  containing  vegetable  matter.  Deeper 
in  the  ground  the  materials  are  coarse.  But  to  what  'depth  the 
gold  extends,  has  not  been  ascertained.  As  I  have  gi^en  an  ex- 
tended description  of  the  features  of  this  gold  region  in  the  first 
part  of  my  Report,  and  shall  hereafter  more  particularly  describe 
its  mode  of  occurrence  in  the  talcose  slate,  from  which  it  has  been 
washed,  I  need  not  dwell  upon  the  subject  here. 

A  few  years  since,  a  mass  of  native  copper  was  found  in  the  di- 
luvium of  Whately,  weighing  17  ounces  avoirdupois.  Its  shape 
was  irregular,  and  it  was  partially  coated  with  the  green  carbonate 
of  copper.  Thera  can  be  little  doubt  but  this  proceeded  from  the 
new  red  sandstone  or  the  greenstone  ;  although  in  Massachusetts, 
this  mineral  has  not  been  fouud  in  either  of  these  rocks. 

Dr.  Samuel  L.  Dana  informs  me,  that  recently  a  small  mass  of 
lamellar  sulphate  of  baryta,  containing  some  specks  of  galena,  and 
with  £ome  quartz  and  feldspar  attached  to  it,  was  discovered  in  di- 
luvial gravel  in  Waltham.  This  fact  is  interesting,  because,  with 
this  exception,  no  baryta  has  been  discovered  in  that  vicinity. 
Near  the  spot,  however,  rolled  masses  of  quartz  have  been  dug  up, 
containing  galena.  These  facts  certainly  indicate  a  vein  of  these 
minerals  in  the  vicinity :  and  I  venture  to  predict,  that  if  ever  it 
is  brought  to  light,  it  will  be  found  north  of  the  spot  where  the 
diluvial  fragments  occur. 

Organic  Remains. 

I  know  of  no  instance  in  which  organic  remains  of  any  interest 
have  been  found  in  our  diluvium,  with  the  exception,  perhaps,  of 
several  species  of  recent  shells  in  two  or  three  places.  The 
Messrs.  Danas  state,  that  in  Cambridge,  a  common  species  of 
Mya  was  found,  forming  a  stratum  of  three  or  four  inches  thick, 
in  the  side  of  a  hill ;  also  strata  of  Mya,  Mytilus,  and  Ostrea, 
several  inches  thick,  and  from  five  to  ten  feet  below  the  surface, 
at  Lecbmere  Point ;  also  fragments  of  Mya,  40  feet  below  the 
surface,  at  Jamaica  Plains,  in  Roxbury,  and  the  fragment  of  a 
similar  shell  107  feet  deep  in  the  soil  at  Fort  Strong  on  Dorches- 
ter Heights.  Similar  beds  of  shells  are  also  found  on  Nantucket ; 
such  as  Natica,  Pyrula,  Venus,  Crepidula,  Solen,  Pecten,  Area, 
&c«  as  will  be  more  particularly  described  when  I  treat  of  Plastic 
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Clay.  Lam  not  certam  that  in  any  of  these  cases  the  shells  oc- 
cur in  diluFium ;  though  I  regard  that  as  the  most  probable  sup- 
position. 

3.    TERTIARY  FORMATIONS. 

For  a  long  time  these  formations  were  confounded  with  alluvi- 
um and  diluvium ;  but  they  are  clearly  distinguished  from  both,  by 
the  much  'finer  state  of  most  of  the  materials  that  compose  them ; 
by  the  greater  regularity  of  their  stratification,  by  their  relatively 
inferior  position,  and  by  containing  peculiar  organic  remains.  As 
appears  from  the  Map  attached  to  the  recent  geological  work  of 
Mr.  Lyell,*  tertiary  strata  occupy  more  than  half  of  the  surfaco 
of  Europe ;  yet  geologists  had  paid  very  little  attention  to  them 
till  the  publication  of  the  work  of  Cuvier  and  Brongniart,  on  the 
Paris  Basin,  in  1811.  In  our  country,  although  these  formations 
occupy  a  vast  extent  of  surface,  particularly  in  the  southern 
States ;  embracing  that  broad  tract  along  the  coast  marked  on  Mr. 
Maclure's  Map  as  alluvial ;  yet  have  they  received  but  veiy  little 
elucidation.  Messrs.  Morton,  Vanuxem,  and  Conrad,  have,  how- 
ever, recently  devoted  themselves  successfully  to  this  subject. 

After  the  tertiary  beds  around  Paris  and  London  had  been  de- 
teribed,  it  seemed  for  a  long  time  to  betaken  for  granted,  that  ter- 
tiary strata  all  over  the  world  must  be  identical  with  these :  as  if 
chose  spots  contained  the  types  of  the  whole  globe.  But  geolo- 
gists now  find  that  no  formations  are  more  independent  than  the 
tertiary  ;  and  that  it  is  very  difficult  to  ascertain  a  precise  identity 
of  origin  of  any  two  basins,  even  when  near  to  one  another ;  and 
as  to  those  that  are  widely  separated,  it  is  no  easy  matter  to  de- 
termine whether  they  were  deposited  during  the  same  geological 
epoch. 

I  shall  describe  the  tertiary  rocks  of  Massachusetts  under  two 
di^sions :  1.  The  most  recent  tertiary  ;  and  3.  the  Plastic  Clay. 
These  are  distinguished  fix>m  each  other  by  their  mineralog^cal 
characters,  theur  organic  remains,  and  the  different  position  of  their 
strata. 

The  most  recent  Tertiary. 

The  most  extensive  deposites  of  the  beds  of  this  class,  are  in 
the  valley  of  the  Connecticut ;  where  they  are  marked  on  the 
Map.     They  occur  also,  in  small  patches  in  many  other  places  in 
the  State  :  but  they  have  been  marked  on  the  Map  in  no  other  * 
place,  except  in  Cambridge  and  Charlestown.    The  great  resem- 

*  Principles  of  Qeoiogy,  &c.  by  Charles  Lyell,  VoL  2,    Loadon,  1833. 
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blance  in  the  mineralogical  characters  of  these  beds  all  oyer  the 
State,  their  horizontal  position,  and  the  almost  entire  absence  of 
organic  remains  in  them,  so  far  as  thej  have  been  examined,  have 
made  it  impossible  to  describe  them  as  distinct  deposites  ;  though 
I  have  Kttle  doubt,  that  many  of  them,  at  least,  are  such.  Yet 
probably  they  do  not  differ  much  in  age.  But  I  leave  to  future 
observers  to  settle  what  I  have  no  means  of  deciding. 

These  newest  tertiary  strata  consist  of  horizontal  alternating 
layers  of  white  siliceous  sand  and  blue  plastic  clay.     Along  the 
Connecticut,  the  sand  occupies  the  highest  place  in  the  series ;  and 
covers  most  of  the  surface.     Its  upper  portion  is  disturbed  and 
piled  up  irregularly  by  diluvial  action ;  and  sometimes  mixed  with 
transported  gravel.     But  where  the  streams  have  worn  passages 
from  10  to  15  feet  deep,  they  have  almost  uniformly  disclosed  the 
stratum  of  clay.     And  not  unfrequently  tracts  of  considerable  ex- 
tent are  entirely  swept  of  sand,  whereby  the  soil  is  rendered  high- 
ly argillaceous.     Generally  the  beds  of  sand  and  gravel  appear  to 
be*several  feet  thick ;  but  sometimes  I  have  found  numerous  alter- 
nations in  the  height  of  a  few  feet,  or  even  a  few  inches — some 
of  the  layers  not  being  more  than  half  an  inch  thick.     Some 
years  since«  I  obtained  the  following  rough  sketch  of  a  diff,  a  few  , 
feet  in  heignt,  in  Deerfield ;  the  face  of  which  had  recently  been 
laid  bare  by  the  sliding  away  of  its  outer  portion.     The  beds  a,  a^ 
&c.  i,  &,  be.  c,  and  d,  represent  different  horizontal  layers  of 
sand  and  clay  ;  the  former  becoming  often  very  fine,  and  the  lat- 
ter sometimes  approaching  to  loam.     Some  of  the  layers  of  clay 
were  not  more  than  half  an  inch  thick ;  and  these  in  general,  witb 
the  interstratified  sand  beds,  appeared  as  if  deposited  from  water 
perfectly  at  rest.     But  the  stratum  c,  presented  a  most  remarkable 
exception.     It  was  composed  of  angular  and  rounded  pieces  of 
clay,  mixed  with  sand,  and  obviously  resulted  from  the  breaking, 
up  of  several  thin  beds  of  day  and  sand,  by  some  unusual  agita- 
tion  of 'the  waters.     The  stratum  dy  was  still  more  remarkable. 
It  consisted  of  sand  and  two  layers  of  clay  ;  the  latter  being  very 
irregulariy  bent,  as  if,  when  in  a  [plastic  state^  it  had  been  acted 
on  by  opposing  lateral  forces. 

If  I  mistake  not,  this  section  throws  light  upon  the  manner  in 
which  some  of  the  disturbances  in  the  older  rocks  may  have  been 
produced.  Let  the  stratum  c,  be  only  consolidated  by  heat,  or 
otherwise,  and  we  have  a  perfect  conglomerated  sandstone,  or 
graywacke.  Let  the  stratum  d,  be  not  only  consolidated,  but  par- 
tially melted,  so  as  to  become  in  a  good  degree  crystalline ;  and 
we  have  that  variety  of  mica  slate  or  quartz  rock,  in  which  the 
planes  of  stratification  do  not  correspond  with  the  contorted  schis- 
tose layers.     The  undisturbed  beds  of  sand,  by  the  same  igneous 


Digitized  by  VjOOQ IC 


190 


SctenUfic  Geology* 


actioDy  might  be  converted  into  quartz  nock,  'or  mica  slate ;  and 
the  interlaminated  layers  of  clay,  into  argillaceous  slate,  or  horn- 
blende schist,  or  both.  Thus  from  this  thin  tertiary  formation, 
might  result  hornblende  slate,  mica  slate,  quartz  rock,  argillaceous 
slate,  conglomerated  gray wacke,  and  sandstone :  and  these  might 
present  much  of  the  regularity  and  irregularity  peculiar  to  each 
rock.  And  to  accomplish  this,  and  also  to  give  the  strata  an  in- 
clined position,  we  have  only  to  suppose  the  same  volcanic  agen- 
cy to  be  exerted,  which  we  know  has  been  a  thousand  times  em- 
ployed in  the  elevation  of  the  strata,  and  in  the  protrusion  of  the 
unstratified  rocks.  Indeed,  from  some  of  the  sections  and  descrip- 
tions given  in  the  third  volume  of  Lyell's  Geology,*  of  the  indu- 
ration of  the  Newer  Pliocene  strata  (newer  tertiary)  in  the  isle  of 
Cyclops,  near  mount  Etna,  it  appears  that  a  considerable  part  of 
this  transformation  has  there  been  accomplished. 


a 

a 
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Section  of  a  Cliflf  of  Tertiary  Clay  and  Sand:  Deerfield. 

The  preceding  section  was  obtained  on  the  side  of  a  gully, 
few  rods  west  of  the  stage  road  at  Long  Hill,  two  miles  south  of 
Deerfield  north  village.  The  last  year,  I  obtained  the  following 
sketch  from  a  clay  pit,  recently  opened,  a  few  rods  east  of  the 
Academy,  in  Deerfield.  The  contorted  portion  of  the  wall  of  the 
pit,  was  about  three  feet  in  perpendicular  thickness ;  and  above 
and  below,  (as  shown  on  the  sketch,)  the  layers  of  clay  were 
perfectly  regular  and  horizontal.     This  proves  beyond  all  question, 

♦  Page  80, 
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that  the  distuHbahce  must  haye  taken  place  duricig  the  period  of 
the  deposition  of  the  clay ;  and  that  the  cause  must  have  been  a 
transient  one.  A  few  rods  farther  to  the  east,  as  we  pass  up  a  bill, 
a  similar  disturbance  of  the  layers  of  clay  appears  at  a  higher 
level,  and  of  seyeral  rods  in  length  ;  proving  that  the  cause,  what- 
It  might  be,  recurred  at  intervals.  This  case  differs  from  the  one 
first  described,  in  there  being  no  interstratified  layers  of  sand^  as 
are  shown  in  the  precedmg  sketch. 


Contortions  in  the  Clay  Beds:  Deerfield. 


Disturbances  similar  to  the  above  are  figured  in  the  recent  work 
on  geology  by  Mr.  Lyell,*  as  occurring  in  the  crag  of  England, 
which  belongs  to  his  older  pliocene  strata.  Hb  sections  exhibit, 
however,  much  less  of  flexure  than  the  above.  His  explanation 
of  the  mode  in  which  they  were  produced,  by  referring  them  to  the 
action  of  irregular  and  counter  tides  and  currents,  has  a  less  felicit- 
ous application,  therefore,  to  the  preceding  cases,  than  to  those  in 
England ;  although  I  doubt  not  essentially  correct  as  to  both. 

Position  and  thickness  of  the  Strata. 

There  is  no  evidence,  that  I  have  ever  been  able  to'  find,  to 
prove  that  these  tertiary  strata  have  been  disturbed  since  their 
original  deposition.  Nevertheless,  the  layers,  or  strata,  are  not 
exactly  horizontal.  Where  the  surface  beneath  is  slightly  undu- 
lating,  the  laminae  of  clay  are  conformed  to  the  irregularity.  Thb 
produces  a  dip  sometimes  of  two  or  three,  or  even  five  degrees, 
and  in  one  or  two  cases  (the  east  side  of  north  Sugar  Loaf  moun- 
tain^ in  Deerfield,  and  the  hill  a  mile  south  of  Brattleborough  east 

*  Principles  of  Geology,  Vol.  Ill,  p.  174. 
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village,  for  example)  it  falls  but'little  short  of  10^  A  less  dip  majr 
be  seen  in  the  clay  hill  east  of  Deerfield  Academy  :  and  in  the  ease 
part  of  Hadley,  on  the  middle  road  to  Amherst,  the  lamins  confornn 
to  the  gentle  swells  and  depressions  of  the  ground.  At  the  base  of 
steep  bills,  however,  \he  clay  beds  are  generally  horizontal ;  be- 
cause, as  I  suppose,  the  declivity  was  too  steep  to  permit  of  these 
depositions  in  a  comformable  manner.  This  fact,  and  the  circum- 
stance that  in  those  cases  where  there  is  a  slight  inclination  of  the 
clay  bed,\he  dip  follows  no  general  law,  but  conforms  to  the  sur- 
face, has  led  me  to  conclude  that  this  tertiary  formation  remains  as 
it  was  originally  deposited.  I  mean  that  the  few  cases  of  dip 
which  exist,  do  not  prove  any  disturbing  force  acting  subsequently 
to  the  deposition  of  the  formation.  And  I  think  we  have  in  these 
cases,  the  maximum  of  inclination  in  a  sedimeotary  deposite  of 
of  clay  and  sand,  formed  in  still  water.  For  since  hills  of  every 
degree  of  inclination  must  have  existed  in  the  bottom  of  lakes^ 
ponds,  or  the  ocean^  in  which  this  formation  was  deposited,  the 
layers  of  sand  and  gravel  would  have  remained  in  a  comformable 
position  on  every  slope  that  was  not  so  steep  as  to  cause  the  ma- 
terials to  slide  down.  I  think  that  in  no  case  the  inclinatidti  is 
more  than  10^ ;  although  I  have  not  applied  the  clinometer. 

The  measurement  of  a  base  line  for  a  trigonometrical  survey  of 
the  State,  in  the  valley  of  the  Connecticut,  by  Col.  Stevens,  dur- 
ing the  year  1831,  has  furnished  another  proof  that  this  tertiary 
formation  has  not  been  disturbed  since  its  deposition.  For  the 
tracery  of  that  line,  (nearly  eight  miles  long,)  was  made  upon 
this  formation  ;  and  the  two  extremities  were  found  to  correspond 
in  their  level  within  three  feet. 

Mr.  Smith,  in  his  account  of  the  Connecticut  river  valley  in 
volume  22d  of  the  American  Journal  of  Science,  states  that  the 
greatest  elevation  of  clay  beds  along  Enfield  Falls,  is  about  fifty 
ieet  above  the  present  surface  of  the  river ;  and  this,  if  I  under- 
stand him,  exceeds  the  general  thickness  of  the  clay  beds  in  that 
region.  But  as  we  descend  into  the  basin  in  which  the  village  of 
Deerfield  is  situated,  the  clay,  without  any  alternation  of  sand,  is 
exposed  not  less  than  60  feet  in  depth^;  and  still  the  bottom  is  not 
seen.  A  little  east  of  the  Academy,  in  the  same  town,  the  layers 
of  clay  rise  30  or  40  feet  above  the  plain,  and  at  the  same  place 
have  been  penetrated  at  the  foot  of  the  hill,  25  feet,  without  reach- 
ing the  bottom  :  so  that  in  this  valley,  this  single  bed  of  clay,  can- 
not be  less  than  60  or  70  feet  thick ;  and  it  may  be  much  more. 
The  stratum  of  sand  above  the  clay  is  so  much  mixed  in  its  upper 
part  with  diluvium,  that  I  can  form  but  a  very  vague  ide^a  of  its 
thickness.     It  can,  however,  hardly  be  less  than  15  or  20  feet. 

I  have  no  evidence  that  a  stratum  of  sand  is  found  beneath  the 
clay  in  the  Connecticut  valley  ;  though,  as  already  mentioned, 
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there  are  sometimes  numerous  altematioDS  of  the  sand  and  gravel 
in  narrow  strata,  near  the  line  of  junction.  Mr.  Smith  also  states^ 
that  in  excavating  the  canaf  at  Enfield  Falls,  the  clay  beds  were 
entirely  cut  through  :  and  that  between  the  beds  and  the  new  red 
sandstone,  was  found  a  confused  mixtui^e  of  rounded  masses  of 
sandstone,  greenstone,  granite,  and  other  primitive  rocks,  mixed 
with  red  clay  from  4  to  20  feet  thick.  This  is  an  interesting  fact ; 
because  it  proves  tjiat  in  the  interval  between  the  deposition  of 
the  sandstone  and  the  tertiary  formation  under  consideration,  flu- 
viatile  and  diluvial  currents,  similar  to  tho3e  that  have  since  exis- 
ted, must  have  been  in  operation. 

The  surface  of  the  tertiary  formation  in  the  vicinity  of  Bos- 
ton has  been  so  much  acted  upon  by  diluvial  currents,  that  as  al- 
ready remarked,  I  have  been  at  a  loss  whether  to  describe  it  as 
tertiary  or  diluvial.  But  there  is  no  doubt,  I  believe,  that  genuine 
clay  beds,  or  layers  of  clay,  do  exist  not  far  beneath  the  surface. 
This  clay  is  represented  by  the  well  diggers  as  extremely  hard  ; 
and  underneath  it,  are  layers  of  sand  and  gravel.  It  is  from  70  to 
120  feet  thick;  and  when  {perforated,  water  rushes  upwards  with 
great  violence.  The  only  genus  of  organic  remains  found  in  the 
tertiary  of  the  Connecticut  valley,  I  have  discovered  al^  in  the 
clay  of  Cbarlestown ;  unless  I  have  greatly  misapprehended  its 
character.  But  the  same  genus  occurs  also  in  the  clay  beds  of 
Kantucket ;  which  I  have  been  inclined  to  consider  as  belonging 
to  the  ]^lastic  Clay  ;  so  that  this  relic  does  not  seem  to  afford 
much  aid  in  determining  the  relative  antiquity  of  these  several 
beds. 

As  to  other  limited  patches  of  tertiary  in  the  State,  (  excepting 
the  Plastic  Clay,  which  occupies  its  southeastern  part,)  I  know 
almost  nothing.  I  have  seen  only  pits  opened  in  them  occasion- 
ally, for  the  purpose  of  making  brick.  But  although  the  clay  ap- 
pears to  be  mineralogically  identical  with  that  in  the  Connecticut 
valley,  yet  I  have  met  in  it  with  no  sort  of  organic  relic.  These 
beds  must  vary  in  relative  level  several  hundred  feet;  occupying 
as  they  do,  the  depressions  of  the  surface  in  the  various  forma- 
tions. This  fact  precludes  the  idea  of  their  having  been  deposited 
by  the  same  body  of  waters,  unless  they  constituted  an  ocean 
deep  enough  to  cover  the  whole  surface  of  the  Stale,  And  such 
a  submersion  is  rendered  improbable  by  the  horizontal  position 
of  the  layers  of  clay ;  which  shows  that  no  elevating  force  has 
acted  upon  the  State  since  their  deposition.  Their  production  in 
different  and  independent  basins  of  water,  such  ponds,  perhaps,  as 
now  exist  in  Middleborough,  Troy,  Falmouth,  Webster,  &c.* 
— ]s  the  more  probable  hypothesis. 

*  The  name  of  the  principal  pond  in  this  latter  place,  although  not  ?iven  on 
the  Map,  deserves  to  oe  mentioned,  becaose-it  is  so  laconical  and  eapnonical. 
It  is  Chargoggagoggmanchoggagogg. 
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I  call  these  various  deposites  the  newest  tertiary  in  the  State, 
but  my  only  proof  that  they  ar^  newer  than  the  plastic  clay  of  the 
southeast  part  of  the  State  is,  that  the  Strata  of  the  latter,  at  least, 
at  Martha's  Vineyard,  are  inclined  at  a  high  angle ;  while  those  of 
the  former  are  horizontal.  And  we  know  that  the  older  strata 
are  generally,  though  not  always,  more  inclined  than  the  newer. 
I  know  of  no  place  where  these  two  series  of  strata  are  in  con- 
tact, so  that  their  true  relative  position  may  be  .seen. 

Mineral  Contents. 

I  place  in  this  formation  the  extensive  beds  of  the  hydrate  of 
iron,  (^Limonite,  Beudant ;  Prismatic  Iron  Ore,  Mohs ;  Brown 
Oxide  of  Iron,  Cleaveland,)  which  occur  in  the  limestone  val- 
leys of  Berkshire  county  ;  and  in  connection  with  the  same  range 
of  limestone  and  mica  slate,  in  Vermont  and  Connecticut.  I  am 
aware  that  in  doing  this,  I  deviate  from  the  opinion  of  several  ge- 
ologists, who  have  examined  these  beds,  and  seem  inclined  to»  re- 
gard them  as  belonging  to  the  mica  slate  or  gneiss.*  But  I  could 
not  find  the  slightest  evidence,  at  any  bed  of  this  ore  which  I  vis- 
ited, that  it  is  interposed  between  layers  of  mica  slate,  gneiss,  or  any 
other  soKd  rock.  It  is,  however,  usually  associated  with  more  or 
less  of  clay ;  and,  therefore,  1  regard  it  as  belonging  to  a  tertiary 
formation.  Generally  the  bed  is  covered  by  nothing  but  diluvium  ; 
and  diluvial  action  seems  sometimes  to  have  disturbed  the  ore  to  a 
considerable  d^pth,  so  that  my  doubt  has  been,  whether  it  ougbt 
not  to  be  placed  even  as  high  as  diluvium,  rather  than  whether  it 
belongs  to  the  primitive  rocks,  t'rofessor  Silliman  does,  indeed, 
speak  of  a  ledge  of  gneiss,  as  being  brought  to  view  by  the  exca- 
vation at  Kent,  in  Connecticut,  in  the  upper  part  of  the  mine ; 
and  he  considers  this  the  roof  of  <  the  vast  bed  of  clay,  which 
forms  the  immediate  enveloping  matter  of  the  ore.'  Although  I 
have  not  visited  the  ore  beds  in  Kent,  I  must  be  permitted  to 
doubt  whether  there  be  not  a  deception  in  respect  to  this  point. 
For  the  occurrence  of  a  ^  vast  bed  of  clay, '  unconsolidated,  in 
gneiss  or  mica  slate,  is  such  a  perfect  anomaly  in  geology,  that  it 
cannot  be  admitted  without  the  strongest  evidence.  And  when  I 
find  these  ore  beds  at  Salisbury,  West  Stockbridge,  Richmond, 
and  Lenox,  most  obviously  lying  above  the  primary  rocks,  I  can- 
not but  suspect  that  this  is  the  case  also  at  Kent :  though  I  would 
not  close  my  eyes  against  evidence  to  the  contrary. 

If  it  be  admitted  that  this  hydrate  of  iron  belongs  to  a  tertiary 
formation,  it  by  no  means  follows  that  its  deposition  was  isochro- 
nous with  that  of  the  newest  tertiary  in  the  valley  of  the  Con- 
necticut :  and  the  occurrence  in  the  former,  of  so  much  iron, 

*  Am.  Journal  of  Science,  Vol.  II.  pp.  913  a&d  S16:  also  Vol  VIII.  p.  30. 
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while  it  is  very  sparingly  disseminated  in  the  latter^  is  a  presump- 
tive argument  against  their  production  in  the  same  menstruum. 

The  principal  beds  of  the  hydrate  of  iron  in  Berkshire  county, 
are  found  in  West  Stockbridge,  Richmond,  and  Lenox.  Out  of 
Massachusetts,  the  beds  at  Bennington,  Vt.  and  at  Salisbury  and 
at  Kent,  Ct.  are  best  known.  The  most  common  varieties  are 
the  brown  hematite,  and  compact  brown  oxide,  though  the  ochrey 
brown  oxide  is  very  common,  as  well  as  the  ai^illaceous  oxide. 
The  hematite  is  often  beautifully  mamillary  and  stalactical.  (Nos. 
53,  54,  55.) 

No  one  looks  at  the  stalactical  specimens  of  this  ore,  without 
inquiring  at  once,  whether  heat  must  not  have  been  concerned  in  its 
production.  For  the  specimens  exceedingly  resemble  certain  sta- 
lactical varieties  of  lava,  or  the  products  of  a  powerful  iron  fur-« 
nace.  And  in  their  nftural  position,  the  stalactites  usually  hang 
in  a  perpendicular  position,  as  they  would  do  if  formed  by  the  drip- 
ping of  tenacious  melted  matter.  But  after  all,  there  seem  to  be 
insuperable  difficulties  in  admitting  the  igneous  origin  of  hematite. 
For  bow  coijd  heat  have  operated  powerfully  enough  upon  the 
hematite  to  melt  it,  without  melting,  or  at  least  indurating,  the 
clay  in  which  it  is  enveloped  ?  Again,  the  occurrence  of  this  ore 
in  calcareous  spar  and  quartz,  (which  are  usually  of  aqueous  ori- 
gin,) shows  that  it  may  be  produced  from  water.  It  is  likewise 
now  admittedl  I  believe,  by  the  ablest  mineralogists,*  that  ar- 
gillaceous oxide  of  iron  and  bog,  are  only  impure  varieties  of 
hydrate  of  iron.  And  the  bog  ore  is  daily  forming  before  our  eyes 
by  aqueous  deposition,  and  some  of  it  is  in  fact  the  same  as  the 
compact  brown  oxide.  Only  admit,  then,  that  circumstances  were 
&vorable  to  crystallization,  when  the  hematite  was  in  a  state  of 
solution  in  the  water  percolating  through  clay,  and  may  we  not 
conceive  how  that  ore  was  produced  ? 

The  oxide  of  manganese,  sometimes  delicately  radiated,  and 
sometimes  investing  the  hematite  occurs  probably  at  all  the^  beds 
of  hydrate  of  iron  that  have  been  mentioned.  I  noticed  it  particu- 
larly at  the  bed  in  West  Stockbridge  ;  and  it  is  well  known  that  it 
did  exist  in  Bennington,  Vt.  in  the  same  connection,  in  large  quan- 
tity. 

Associated  with  the  hydrate  of  iron  in  Richmond,  in  a  bed 
owned  by  Mr.  Gates,  there  has  been  found  a  hydrate  of  alumina, 
(alumina,  64.  8,  water,  34.  7,)  which  Professor  Torrey  has  named 
Gibbsite,  in  honor  of  Col.  George  Gibbs,  one  of  the  earliest  cul- 
tivators, and  most  munificent  patrons  of  mineralogy  in  our  country. 
It  occurs  mamillary  and  stalactical,  of  a  white  color.     It  may  be 

•  Bendant'sBiineralogie,  Vol.  n.  p.  708:  Dictionnaire  Classiquc  D*  HiFtoire 
Nfttnrelle,  Ait.  Fer  Hydrate  oi  Hydroxide :  also  Mohs  Mineralogy,  VoL  II.  p. 
410. 
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obtained  there  abundantly  :  and  a  single  specimen  has  been  found 
•  in  Lenox.     (No.  61.) 

The  nodular  argillaceous  oxide  of  iron  and  yellow  ochre  occur 
occasionally  in  the  tertiary  region  around  Boston,  particularly  in 
Charlestown  and  Cambridge. 

Concretionary  Carbonate  of  Lime. 

In  the  clay  beds  of  the  Connecticut  valley,  a  curious  concretion 
occurs,  which  has  received  the  name  of  claystone,  from  its  resenn^ 
blance  to  indurated  clay,  that  has  been  rounded  by  the  action  of 
water.  Indeed,  I  did  not  till  recently  suspect  the  presence  of 
carbonate  of  lime :  but  the  application  of  an  acid  produces  con- 
siderable effervescence.  The  general  shape  of  these  concretions 
'  is  that  of  an  oblate  spheroid,  sometimes  so  flattened  as  to  become 
lenticular,  and  sometimes  nearly  spherical.  The  spheroids  are 
usually  joined  together  with  considerable  strength.  They  vary  in 
size  from  two  inches,  down  to  that  of  the  smallest  pigeon  shot, 
and  some  of  these  smallest  are  so  numerously  strung  together,  as 
to  become  decidedly  botryoidal.  In  other  instances,  the  spheroids 
are  so  intimately  blended,  that  there  are  no  interstices  between 
them ;  and  only  slight  convexities  are  exhibited,  in  relief,  on  the 
surface.  4  Not  unfrequently  that  surface  is  studded  with  minute  sphe- 
roids, not  larger  than  the  bead  of  a  pin.  Sometimes  the  concre- 
tion is  not  spheroidal,  but  simply  an  irregular  p1at%  often  several 
inches  across.  In  no  case  does  the  thickness  of  these  plates,  or  a 
congeries  of  the  spheroids,  exceed  that  of  a  single  layer  of  the 
clay,  which  is  rarely  more  than  half  an  inch. 

On  breaking  these  concretions  they  arjB  found  to  be  perfectly 
solid  and  compact;  exhibiting  in  no  instance  the  slightest  marks 
of  a  concentric  structure,  such  as  we  see  in  the  oolite.  Nor  could 
I  bring  to  light  a  concentric  arrangement  of  the  materials  by  ap- 
plying the  heat  of  a  blow  pipe,  even  till  the  surface  was  fused. 
Generally,  however,  the  heat  of  a  lamp  alone  will  cause  them  to 
burst  asunder  with  considerable  force.  The  mass  is  obviously 
composed  of  carbonate  of  lime  mixed  with  clay,  such  as  that  in 
which  they  are  found,  consisting  of  alumina  and  fine  sand,  with 
occasional  fine  scales  of  mica.  The  hardness  of  the  concretion 
is  about  the  same  as  the  common  impure  compact  limestones.  It 
does  not  constitute  any  considerable  part  of  the  stratum  in  which 
it  is  found.  I  have  observed  it  in  Amherst,  Hadley,  South  Had- 
ley  Canal,  Chicopee  in  Springfield,  Greenfield,  be. ;  also  in  the 
clay  beds  along  the  river  Hudson,  near  Albany, 

I  have  been  thus  particular  in  this  description,  because  I  have 
met  with  but  one  account  of  any  similar  production  in  any  tertia- 
ry strata.  It  is  obviously  an  example  of  the  solid  concretionary 
structure,  and  roust  have  resulted  from  chemical  agencies.     But 
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are  coDcretions  the  result  of  crystallograpbical  laws  ?  If  so,  why 
are  not  crystals  produced  ?  It  seems  to  me  that  philosophy  is 
yet  in  the  dark  on  this  subject.  At  first  it  occurred  to  me  that 
these  concretions  were  the  oolite  in  a  forming  state  ;  and  that  the 
consolidation  of  the  clay  would  develope  a  concentric  structure. 
But  my  failure  to  bring  this  to  light  by  the  application  of  heat, 
convinced  me  that  the  opinion  is  untenable. 

The  single  account  of  similar  concretions  referred  to  above,  is 
that  of  Cuvier  and  Brongniart,  in  their  description  of  the  Paris 
Basin.  ^  We  find,'  say  they,  '  towards  the  surface  of  that  bed  of 
clay,  (the  Plastic  Clay,)  masses  as  large  as  the  head,  though  often 
much  smaller,  of  nearly  compact  limestone,  or  made  up  of  small 
compact  nodules,  aggregated  together  as  if  by  concretion.  These 
masses  of  limestone  have  their  edges  blunted  and  their  angles 
both  salient  and  rentrant  rounded^  as  if  they  had  been  plunged  * 
into  a  liquid  solvent.'  • 

Quite  recently  I  have  found  in  the  gray  argillaceous  sandstone 
at  Sunderland  cave,  in  Mount  Toby,  numerous  reniform  concre- 
tions, very  much  resembling  those  above  described.  And  I  find 
that  they  effervesce  with  acids,  which  proves  their  identity.  Some 
of  them  so  exactly  resemble  Vhios  in  form,  that  I  at  first  suspect- 
ed them  to  be  petrifactions.  But  a  careful  examination  satisfies 
roe  that  the  similarity  is  accidental.  This  fact  shows  us  that  the 
same  causes  operated  when  this  sandstone  (a  variety  of  the  new 
sandstone)  was  deposited,  as  when  the  newest  tertiary  was  formed. 
A  fact  analogous  to  the  one  just  stated  is  mentioned  by  Dr. 
Macculloch.  '  In  the  argillaceous  limestones,  as  well  as  in  the 
accompanying  sandstones/  says  he,  \  highly  flattened  spheroids  of 
large  dimensions  are  found  attached  in  pairs  by  a  cylindrical  stem, 
and  imbedded  in  the  surrounding  rock.'  f 

Organic  Remains. 
The  newest  tertiary  in  Massachusetts,  judging  from  the  exam- 
aUon  which  I  have  made  of  it,  is  remarkably  wanting  in  organic 
remains.  Indeed,  I  have  found  but  a  single  genus,  and  even  this 
is  in  so  imperfect  a  state  that  I  have  been  unable  to  ascertain  its 
nature.  It  was  probably  some  kind  of  animal :  and  some  of  the 
specimens  bear  a  considerable  resemblance  to  the  Ovulites  mar- 
gmtxda  of  Goldfuss'  Petrifacta :  but  I  have  never  seen  in  it  any 
thing  of  the  '  poris  minutissimis  ad  superficiem  amussim  depositis,' 
which  he  represents  as  belonging  to  that  petrifaction.  Other  spe- 
cimens resemble  the  Scyphia  of  the  same  author,  but  the  '  e  fibris 
reticulatis '  is  wanting.     It  is  doubtful  whether  the  sketches  which 

•Recherches  sur  les  Ossemens  Fossiles,  par  Cuvier,  Tome  2.  p.  341.    Paris, 
1825. 

t  System  of  Geology,  Vol.  I.  p.  179. 
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I  have  given  of  this  relic,  (Plate  XL  Figs.  18, 19,  20,  and  31,) 
represent  any  thing  more  than  fragments  of  it,  worn  into  an  OYoid 
shape.  Fig.  22,  however,  does  certainly  represent  one  extremity 
of  the  animal  unaltered  :  for  it  is  still  partly  enveloped  in  loam, 
and  therefore  has  never  been  worn.  But  the  fragments  are  some- 
tiroes  cylindrical,  varying  in  size  from  a  quarter  of  an  inch  to  more 
than  an  inch  in  diameter.  These  usually  perforate  the  strata  of 
clay  perpendicularly ;  that  is,  at  right  angles  to  the  layers ;  and 
they  are  sometimes  several  inches  long.  The  extremities,  bow- 
ever,  I  apprehend  are  always  similar  to  Fig.  22.  The  most 
decisive  evidence  p{  organic  stracture  which  these  remains  exhi- 
bit, is  a  longitudinal  perforation  of  the  size  of  a  knitting  needle. 
They  are,  it  is  true,  easily  divisible  transversely  :  but  this  seems 
to  depend  upon  the  laminated  structure  of  the  clay  that  chiefly 
composes  them,  and  not  upoii  the  structure  of  the  animal :  for 
the  dividing  plane  conforms  in  all  cases  exactly  to  the  layers  of 
the  clay.  Since  clay  forms  the  principal  mineralizer,  the  outer 
circumference  of  these  cylindrical  and  ovoid  relics,  is  often  very 
indeGnite  :  and  where  exposed  to  rains,  they  are  entirely  washed 
away.  Along  the  central  part,  however,  hydrate  of  iron  seems 
to  have  considerably  indurated  the  clay ;  and»  indeed,  this  iron 
often  pervades  the  whole  mass;  giving  it  a  rusty  aspect,  and 
hardness  sufficient  to  resist  the  action  of  rains.  In  such  cases  the 
relics  oAen  stand  out  in  relief  upon  the  surface  of  the  clay,  which  ' 
has  been  worn  away  ardund  them. 

These  remains  1  have  found  only  in  clay  or  loam.  I  have  met 
with  them  in  three  places  in  Deer6eld,  viz.  a  few  rods  east  of  the 
Academy ;  near  the  top  of  Bar's  Long  Hill ;  and  on  the  east  side 
of  North  Sugar  Loaf.  They  are  found  also  in  Greenfield,  on 
Green  River,  southwest  Of  the  village  :  also  in  South  Hadley,  at 
the  Canal  Falls ;  and  100  rods  south  of  them.  I  have  found 
them  likewise  in  Charlestown,  in  clay ;  and  also  on  Nantucket  in  a 
stratum  of  ferruginous  sand.  Among  the  specimens  deposited  in 
the  collection,  (Nos.  47  to  52,)  I  apprehend  several  species  may 
be  made  out. 

Theoretical  Consideraiioni, 

That  these  tertiary  beds  were  deposited  from  a  mechanical  sus- 
pension of  their  materials  in  water,  can  admit  of  no  question. 
But  was  it  from  salt  water  or  fresh  ?  On  this  question  the  only 
organic  relic  that  has  been  found  in  these  beds,  throws  no  light ; 
because  its  nature  is  not  understood.  Still,  I  think  we  have  some 
grounds  for  forming  an  opinion  in  this  case.  For  the  horizontal 
position  of  the  laminae  of  clay  in  this  formation,  shows  that  no 
change  of  consequence  has  taken  place  in  the  level  of  the  surface, 
since  they  were  deposited.      Hence,  unless  the  level  of  the  sea 
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has  sunk  greatly  since  that  period,  it  could  not  then  have  covered 
the  regions  occupied  by  these  beds.  They  were  probably,  there- 
fore, deposited  from  fresh  water  lakes  and  ponds.  In  the  valley 
of  the  Connecticut,  that  river  must  have  flowed  through  the  lake ; 
or  rather,  an  expansion  of  the  stream  formed  the  lake.  The  grad- 
ual sinking  of  its  bed  at  length  brought  the  tertiatry  strata  svb 
luce. 

The  probable  absence  of  marioe  relics  from  these  beds,  is  an- 
other argument  in  favor  of  this  hypothesis ;  and  it  would  be  com- 
plete, were  the  fact  certainly  established. 

In  respect  to  the  tertiary  strata  in  Charlestown  and  Cambridge, 
their  low  level,  and  vicinity  to  the  ocean,  lead  to  the  supposition 
that  they  were  deposited  from  salt  water,  by  a  process  similar  to 
that  which  is  now  going  on  in  the  salt  marshes  in  their  vicinity. 

Plastic  Clay. 

A  cursory  examination  of  the  strata  of  Martha's  Vineyard,  ten 
years  ago,  led  me  to  adopt  the  opinion  that  they  correspond  es- 
sentially with  the  Plastic  Clay  Formation  of  Europe :  and  I  gave 
an  account  of  them  under  that  name  in  the  American  Journal  of 
Science.  Every  subsequent  examination  has  confirmed  the  opin- 
ion then  formed.  And  I  have  ascertained,  also,  that  the  same 
formation  exists  in  several  places  on  the  continent,  in  the  south- 
eastern part  of  the  State ;  and  likewise  on  Nantucket.  Wher- 
ever in  that  region  sands  prevail  extensively,  I  have  reason  to 
suppose  this  formation  exists  ;  though  lam  by  no  means  sure  but 
some  of  these  sands  may  belong  to  a  newer  formation.  At  some 
places,  however,  variegated  clays  underlie  the  sand,  and  fossils 
are  found  corresponding  with  those  on  the  Vineyard  ;  and  such 
strata  I  cannot  but  regard  as  identical  with  the  plastic  clay  of  that 
island.  It  is  on  the  Vineyard,  however,  that  this  formation  is 
most  fully  exhibited ;  and  I  shall  first  describe  the  strata  which 
exist  there,  and  compare  them  with  the  plastic  clay  in  Europe. 

There  are  but  two  places  on  the  Vineyard  where  I  have  found 
the  strata  laid  bare  to  any  considerable  extent  and  depth.  The 
one  is  a  cliff  in  the  southeast  part  of  Chilmark,  laid  bare  by  the 
action  of  the  ocean,  and  slowly  wearing  away  from  year  to  year. 
The  other  is  Gay  Head ;  which  is  an  elevated  promontory  from 
150  to  200  feet  high,  forming  the  western  point  of  the  island, 
still  owned  and  inhabited  by  the  mixed  descendants  of  the  abo- 
riginees.  This  spot  is  the  most  interesting  and  instructive.  The 
very  heart  of  the  formation  appears  to  be  here  exposed.  It  con- 
sists in  general  of  interstratified,  inclined  layers  of  gravel,  sands, 
variegated  clays,  iron  ore,  and  lignite. 

23 
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Mineralogical  Characters, 

1.  Gays.,  These  greatly  predominate  in  the  cli£&  at  Gay- 
Head  ;  and  by  the  vividness  of  their  colors,  attract  the  attention 
of  the  most  careless  observer.  Their  variety  in  this  respect  is 
very  great ;  but  the  following  predominate.  *  1.  ffhUe  Pipe  Clay. 
This  generally  contains  small  plates  of  silvery  mica,  and  obvious<^ 
ly  resulted  from  the  decomposition  of  granite.  2.  Blood  Red 
Clay.  This  is  doubtless  colored  by  the  red  oxide  of  iron,  and 
forms  an  important  part  of  the  cliff.  3.  Bed  and  White  Gay. 
This  is  a  mixture  of  the  two  firet  varieties,  and  the  two  colors  be- 
ing often  fantastically  arranged,  give  to  the  cliffi  a  gay  appearance. 
4.  Bluish  Oray  Plastic  Clay.  This  is  the  most  compact  of  all 
the  varieties.  It  often  becomes  nearly  black,. where  it  lies  contig- 
uous to  the  beds  of  lignite  ;  and  when  in  contact  with  the  white 
and  red  varieties,  a  mixture  of  them  all  results. 

2.  Sands.  Next  to  the  clays  the  sands  are  most  abundant : 
though  at  Gay  Head  they  do  not  exist  in  great  quantity.  They 
are  there  sometimes  interstrati&ed  with  the  clays;  and  indeed, 
some  varieties  of  the  clay  contain  so  large  a  proportion  of  sand, 
that  it  is  not  easy  to  determine  whether  they  should  be  denomina- 
ted clays  or  sands.  Of  the  sands  1  have  noticed  the  following 
varieties.  1.  White  Siliceous  Sand;  generally  fine,  but  some- 
times coarse.  This  is  the  variety  which  is  spread  over  almost  ev- 
ery part  of  the  southeastern  district  of  New  England ;  generally, 
however,  mixed  with  pebbles  and  bowlders,  and  constituting  dilu- 
vium. It  may  be  seen  in  its  greatest  purity  near  the  extremity 
of  Cape  Cod,  where  it  is  of  snowy  whiteness  ;  and  also  on  Nan- 
tucket. On  the  Vineyard  it  is  generally  yellowish  from  the  oxide 
of  iron.  2.  The  same  sand,  cemented  by  the  yellow  hydrate  of 
iron,  so  as  to  form  a  loose  sandstone.  It  is  easily  crumbled  down, 
however,  and  is  not  abundant.  I  have  noticed  it  at  Gay  Head ; 
in  the  cliff  in  the  eastern  part  of  Chilmark  ;  and  on  Nantucket, 
a  mile  northwest  of  the  town.  3.  White  Micaceous  Sand.  This 
is  in  fact  a  mixture  of  silex,  mica,  and  white^ciay  ;  the  latter  in- 
gredient not  being  present  in  sufficient  quantity  to  hold  the  parti- 
cles together.  Not  abundant.  4.  Green  sand ;  of  a  distinct  but 
dull  green  color.  It  is  sometimes  so  mixed  with  clay,  as  to  form 
a  compact  mass,  even  when  dry.  It  is  interstratified  with  the  red 
and  white  clays  at  Gay  Head,  where  .alone  have  I  noticed  it.  It 
is  this  stratum  that  contains  the  greatest  variety  of  the  oi^anic 
remains  at  Gay  Head  ;  and  on  this  account,  its  exact  geological 
position  is  important  to  be  known.  It  has  been  already  remarked, 
that  the  strata  in  this  cliff  dip  nearly  north,  or  rather  a  little  incli- 
ning to  the  northeast,  at  an  angle  varying  between  20**  and  45®. 
Now  the  green  sand  lies  near  the  northern  extremity  of  the  cliff, 
though  it  is  succeeded  by  other  strata  of  the  same  clays  that  con- 
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stitute  the  principal  part  of  the  cliff.  Hence  we  may  infer  that 
the  green  sand  lies  near  the  upper  part  of  this  formation,  so  far  as 
we  can  judge  from  this  cliff:  though  as  the  horizontal  distance 
finom  one  extremity  of  the  cliff  to  the  other,  across  the  strata,  is 
not  more  than  80  rods,  and  this  promontory  appears  to  be  merely 
an  insulated  remnant  of  the  formation,  we  cannot  be  sure  that  the 
position  of  the  green  sand  is  near  the  upper  part  of  the  originaljor- 
matioD.  It  ought  here,  also,  to  be  remarked,  that  the  organic  re- 
mains found  in  this  sand,  such  as  crabs,  shells  and  alcyonia, 
are  rolled ;  and  were  obviously  the  ruins  of  some  former  rock. 
Indeed,  nodules  of  a  peculiar  conglomerate  are  found  in  this  sand, 
sometimes  containing  organic  remains. 

3.  Lignite,  As  this  constitutes  beds  sometimes  as  much  as 
five  feet  thick,  it  seems  deservingof  a  description  among  the  strata, 
rather  than  as  an  imbedded  mineral.  It  alternates  with  the  clays, 
principally  with  the  blue  variety,  with  which  it  is  often  intimately 
mixed.  More  commonly  it  is  comminuted  and  forms  a  dark  mass, 
somewhat  resembling  peat.  But  sometimes  the  woody  fibre  is 
very  distinct.  In  short,  it  seems  like  a  deposite  of  peat,  through 
which  logs  are  interspersed.  It  burns  but  poorly.  The  principal 
beds  lie  not  far  from  the  middle  of  the  cliff,  and  have  a  dip  from 
40**  to  50°  north. 

4.  Conglomerates,  The  most  interesting  of  these  is  the  osse- 
ous conglomerate ;  which  consists  of  rounded  quartz  pebbles,  rare- 
ly more  than  an  inch  in  diameter,  with  a  cement  of  animal  matter, 
(?)  clay,  iron,  and  sometimes  a  minute  portion  of  carbonate  of 
lime.  It  abounds  in  fragments,  mostly  rolled,  of  the  bones  and 
teeth  of  animals  ;  some  of  them  very  large.  It  is  sometimes  as 
hard,  and  broken  with  as  much  difficulty,  as  gray wacke :  but  in 
other  places  the  coherence  in  not  strong. 

The  strata  of  this  conglomerate  are  from  one  to  three  or  four 
feet  thick,  and  for  some  time  I  supposed  that  it  had  been  deposi- 
ted in  a  snuiU  basin  on  the  edges  of  the  elevated  strata  oF  clay 
and  sand ;  for  I  found  the  bed,  which  I  first  discovered,  to  lie  as 
in  the  following  sketch. 


Sana  ^  4kvir9l 
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The  conglomerate  occupies  a  projecting  point  of  the  cliff,  cov- 
ered at  the  top,  and  for  a  considerable  extent  upon  its  sides,  with 
sand  and  gravel,  and  exposed  to  degradation  from  winds  and  rains* 
The  edges  of  the  conglomerate,  however,  project  through  the  sand 
at  the  edge  of  the  cliff,  where  its  curved  position  is  obvious  ;  and 
on-one  side  a  layer  of  clay  appears  above  the  conglomerate.  Below 
these  beds  the  sand  conceals  the  regular  strata  in  the  cliff:  but  the 
inclined  lines  beneath  the  sand  and  gravel,  in  the  foregoing  sketch, 
show  the  dip  of  these  strata  in  the  vicinity,  wherever  they  are 
visible ;  nor  could  I  doubt  but  the  conglomerate  bed  is  superior  to 
the  clay,  and  a  later  formation.  And  I  find  that  in  some  of  the 
tertiary  strata  in  Europe,  above  the  plastic  clay,  occur  layers  of 
calcareous,  ferruginous,  and  bony  breccia ;  as  in  the  valley  of  the 
Danube,  described  by  Mr.  Murchisson.*  But  on  further  exam- 
ination, I  found  in  the  vicinity  of  the  bed  of  conglomerate  above 
described,  two  or  three  other  beds  distinctly  interstratified  with 
the  clay  and  exhibiting  the  same  dip.  This  rock  does,  therefore, 
form  a  part  of  the  plastic  clay  formation  ;  whatever  we  may  think 
of  the  case  described  above.  And  I  cannot  find  that  the  like  de- 
posite,  containing  the  bones  of  vertebral  aaimals,  occurs  in  .any 
plastic  clay  formation  described  in  Europe ;  although  in  England, 
pebble  beds  alternate  irregularly  with  the  sand  and  clays,  but  it 
does  not  appear  that  these  are  consolidated.! 

Another  variety  of  conglomerate  at  Gay  Head,  consists  of  peb- 
bles, chiefly  quartz,  cemented  by  a  great  abundance  of  the  hy- 
drate of  iron,  and  often  containing  hollow  nodules  of  the  same. 
I  am  not  sure  that  this  alternates  with  the  layers  of  clay  and  sand. 
On  account  of  the  great  quantity  of  its  debris,  that  has  fallen 
down  upon  the  face  of  the  cliff,  I  found  it  difficult  to  ascertain  its 
true  position  in  regard  to  the  strata  of  clay  ai\d  sand.  I  was  not 
without  a  strong  suspicion,  that  it  might  lie  in  nearly  hdrizontal 
strata  upon  the  top  of  plastic  clay ;  nay,  I  was  led  to  inquire 
whether  it  might  not  be  diluvium  consolidated  by  iron.. 

A  third  kind  of  conglomerate  has  been  already  alluded  to,  as 
existing  at  this  cliff,  in  rolled  masses,  a  few  inches  in  diameter,  in 
the  green  sand  stratum.  It  occurs,  also,  very  frequently  along  the 
beach ;  having  been  probably  washed  out  from  the  'cliff.  It  is 
unlike  any  rock  that  I  ever  met  with.  The  nodules  are  almost  if 
not  entirely  quartz,  and  the  cement  a  black  compact  substance, 
highly  bituminous,  and  slightly  effervescing  with  acids.  It  ap- 
pears like  bituminous  marlite,  finely  comminuted.  .  As  already 
mentioned,  in  one  piece  I  found  the  remains  of  a  Zoophyte. 

At  the  foot  of  the  cliff,  I  also  found  rolled  pieces  of  a  yellowish 

♦  Philosophical  Magazine,  March,  1831,  Vol.  IX.  p.  218. 
tPe  la  Beche's  Manual,  p.  235.  2d  Ed.  London,  1832. 
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gray  rock,  hard  and  compact,  approaching  hornstone.  It  appears 
like  argillaceous  sandstone,  which  has  been  subjected  to  powerful 
heat  by  the  proximity  of  trap,  such  as  occurs  at  Mount  Holyoke, 
on  Connecticut  river ;  but  I  have  met  with  the  like  rock  nowhere 
else  in  the  State.  (No.  81.) 

In  a  kind  of  ferruginous  sand  in  this  cliiT,  I  met  with  one  or 
two  small  specimens  of  a  rock  of  oolitic  aspect;  (No.  80.)  which, 
however,  effervesces  but  feebly  with  the  acids. 

Specimens  of  all  the  preceding  varieties  of  clay,  sand,  lignite, 
and  conglomerate,  will  be  found  in  the  collection  m^de  for  the 
Government.  (Nos.  62  to  81.) 

Mineral  Contents. 

The  most  interesting  and  abundant  mineral  at  Gay  Head,  is  the 
hydrate  of  iron.  The  varieties  are  all  argillaceous.  The  most 
important  are  the  following. 

1.  Nodular.  Thb  is  the  the  most  abundant  variety,  and  the 
nodules  vary  in  size,  from  that  of  a  walnut  to  a  foot  in  diameter. 
Sometimes  they  are  spherical,  more  frequently  ovoid  ;  sometimes 
ovoid  flattened;  sometimes  composed  of  concentric  layers  of  the 
compact  oxide  and  yellow  ochre,  with  a  nucleus  sometimes  of 
sandstone  in  the  centre,  but  more  frequently  hollow.  These  nod* 
ules  are  generally  mixed  with  a  large  proportion  of  coarse  sand 
and  gravel,  which  unitedly  form,  as  already  remarked,  a  conglom- 
erate. The  flat  nodules  are  sometimes  slaty  ;  and  it  is  on  the  lam- 
ins  of  these,  that  the  principal  part  of  the  vegetable  remains  of 
this  formation  occur.  Sometimes  the  nodule,  when  broken  open, 
is  seen  to  envelope  a  flattened  mass  of  lignite  :  showing  conclu- 
sively that  the  ore  originally  accumulated  around  this  as  a  nucleus. 
(Nos.  121,  122,  123.) 

Nodular  argillaceous  iron  ore  exists  also  on  Nantucket ;  as  well 
as  in  other  places  on  the  Vineyard. 

2.  Columnar.  Some  of  the  larger  nodules  mentioned  above, 
being  broken  open,  exhibit,  as  the  result  of  desiccation,  a  colum- 
nar structure  in  the  interior :  the  columns  varying  in  diameter  from 
a  quarter  of  an  inch,  to  one,  and  even  two  inches ;  and  in  length, 
from  half  an  inch  to  three  inches.  The  sides  are  generally  une- 
qual in  size,  and  various  as  to  their  number.  The  axis  of  the 
column  is  always  parallel,  I  believe,  to  the  shortest  diameter  of 
the  nodule.  The  space  between  the  columns  is  generally 
only  sufficient  to  allow  of  the  introduction  of  the  blade  of 
a  penknife.  In  some  instances,  where  a  shrinkage  has  taken 
place,  no  regufar  forms  are  produced ;  but  the  seams  run  in  all 
directions.  I  have  not  observed  any  case  where  the  seams  reach 
to  the  surface  of  the  nodule.  The  outer  portion,  from  half  an 
inch  to  an  inch  thick^  is  compact  gray  iron  stone. 
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An  examination  of  these  nodules,  leads  one  at  first  almost  irresist- 
ably  to  the  conclusion,  that  they  must  have  been  once  in  a  melted 
state,  and  suddenly  cooled  at  the  surface :  and  the  glased  iron-black 
appearance  of  their  internal  surface,  tends  to  confirm  this  opinion. 
And  yet,  I  doubt  whether  it  is  necessary  to  evoke  the  god  of  fire 
for  a  solution  of  this  phenomenon.  For  the  mere  desiccation  of 
nodules,  containing  so  much  argillaceous  matter,  will,  it  seems  to 
me,  adequately  explain  the  appearances.  Of  course  the  external 
portion  would  first  part  with  its  moisture  and  become  solid  :  and 
as  the  water  gradually  escaped  subsequently  from  the  interior,  the 
shrinking  would  produce  fissures  within  ;  since  the  already  com- 
pacted crust  would  not  permit  the  compression  of  the  whole  mass. 
And  as  to  the  shape  of  the  pieces,  resulting  from  the  shrinkage, 
it  seems  to  me  that  if  the  nodule  be  spherical,  the  fissures  will 
coincide  essentially  with  planes  passing  through  the  centre  of  the 
sphere.  (See  No.  126.)  But  if  the  sphere  be  that  of  a  flat- 
tened ellipsoid,  the  greatest  shrinkage  must  take  place  in  the  direc- 
tion of  the  plane,  which  coincides  with  the  two  longest  diameters 
of  the  ellipsoid :  and,  therefore,  most  of  the  fissures  will  be  made 
perpendicular  to  that  plane,  so  as  to  produce  columnar  masses ; 
although  there  will  be  a  proportionable  shrinkage  in  a  direction 
perpendicular  to  the  plane  above  mentioned,  which  will  produce 
at  least  one  termination  to  the  columns :  and  all  the  specimens 
which  I  have  examined,  confirm  this  rationale  of  the  appearances ; 
(See  Nos.  124,  125,)  as  does  also  the  desiccation  of  clay  on  the 
surface  of  the  earth,  producing  columnar  masses,  which  stand  per- 
pendicular to  the  horizon.  I  apprehend  it  will  be  found,  that  the 
true  columnar  structure  exists  only  in  those  nodules  which  are 
flattened. 

The  existence,  sometimes,  of  lignite  in  the  centre  of  these  nod- 
ules, is  another  ^evidence  that  they  never  could  have  been  com- 
pletely fused,  since  the  pieces  of  wood  that  were  enveloped,  must 
have  been  entirely  destroyed.  I  am  aware  that  coal  is  sometimes 
found  in  trap  rocks,  or  between  the  trap  and  sandstones :  but  in 
such  cases,  I  apprehend  that  the  fusion  of  the  trap  was  only  partial 
as  we  know  to  be  the  case  with  many  lavas. 

Further :  how  could  nodules  of  iron,  in  the  midst  of  clay  and 
sand  beds,  have  been  exposed  to  a  fusible  heat,  and  yet  the  clays 
and  sands  have  remained  unconsolidated  ? 

3.  Mamillary,  The  tubercles  of  this  variety  are  rarely  smaller 
than  a  buck  shot,  or  larger  than  an  ounce  ball.  When  broken, 
they  exhibit  no  appearance  of  a  radiated  structure ;  but  are  mass- 
ive, though  scales  of  mica  and  grains  of  sand  are  observable  in 
every  part  of  this  ore.  (No.  120.)  I  cannot  find  that  this  variety 
of  iron  is  described  in  the  books  on  mineralogy.  I  am  informed 
by  Thomas  A.  Green,  Esq.  that  it  exists  in  much  larger  quantities 
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in  the  clifi,  four  miles  east  of  Gay  Head|  in  the  west  part  of 
Chilmarky  a  little  east  of  Moniaishi  Bite,  than  at  Gay  Head, 
where  I  found  it 

4.  Pisiform.  The  grains  are  rarely  exactly  spherical,  and 
seldom  exceed  the  size  of  a  small  pea.  Not  unfrequently  they 
are  distinctly  reniform.  Color,  externally,  blackish  brown ;  inter- 
nally, yellowish  brown.  Aggregated  into  irregular  masses  with 
clay  and  gravel.  This  ore  seems  sometimes  to  be  the  mineralizer 
of  alcyonia,  shells,  &;c.     It  is  not  abundant.  (No.  119.) 

5.  Ochrey  Brown  Iron  Ore,  This  occurs  mixed  sometimes 
with  every  variety  above  described  :  particularly  with  the  nodular. 
But  it  is  never  seen  in  large  masses. 

It  is  well  known  that  the  preceding  are  valuable  ores  of  iron 
for  smelting ;  and  at  Gay  Head,  particularly,  they  may  be  obtained 
in  abundance.  That  spot  is  still  in  possession  of  the  descendants 
of  the  Indians  of  Martha's  Vineyard  :  and  it  is  to  be  hoped  that 
the  Government  of  the  State  will  take  measures  to  prevent  their 
being  defrauded  of  this  ore,  which  may  prove  of  considerable 
value. 

Radiated  Sulphuret  of  Iron.  This  is  very  frequent  and  beau« 
tiful  in  the  osseous  conglomerate  and  blue  clay  of  Gay  Head. 
The  nodules  are  sometimes  perfect  spheres ;  from  one  to  three 
inches  in  diameter ;  but  generally  more  or  less  irregular ;  the  sur- 
face often  exhibiting  one  face  of  numerous  cubic  crystals ;  but  On 
breaking  the  mass,  the  radiation  is  obvious.  Such,  however,  is 
the  tendency  of  this  ore  to  decomposition,  that  it  is  difficult  to 
preserve  specimens  long  in  a  cabinet,  unless  excluded  from  the 
atmosphere.  Their  decomposition  produces  of  course  sulphate  of 
iron,  and  sulphate  of  alumina  and  potash,  or  alum,  which  efflo- 
resce on  the  clay.  (Nos.  117,  118.) 

Sulphate  of  Lime^  or  Selcnite^  exists  at  the  same  place  in  ta- 
bles and  acicular  prisms,  disseminated  in  blue  clay.   (No.  131.) 

It  is  said  that  amber  has  been  found  floating  in  the  ocean  near 
the  cliff  at  Gay  Head.  I  also  found  it  in  small  quantities,  connec- 
ted with  a  vegetable  relic  in  iron  ore,  at  the  same  place.  At 
Nantucket,  a  mass  of  light  colored  amber  was  found,  three  or  four 
inches  in  diameter,  which  is  now  in  the  cabinet  of  T.  A.  Greene, 
Esq.  of  New  Bedford. 

Native  arsenk^  is  said  to  have  been  found  at  Gay  Head  ;  but  I 
saw  none. 

Organic  Remains. 

Although  these  are  apparently  not  as  numerous  in  the  plastic 
clay  of  Massachusetts,  as  in  that  formation  in  Europe,  yet  since 
vegetable  ahd  animal  relics  are  rare  in  New  England  ;  and  some 
of  those  in  the  plastic  clay  are  not  found  in  the  same  formation  in 
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Europe,  so  far  as  I  can  ascertain  ;  I  have  felt  not  a  little  interest 
in  those  which  I  have  succeeded  in  obtaining,  with  much  labor 
and  effort.  But  I  regret,  that  in  consequence  of  my  insulated  sit- 
uation in  respect  to  those  gentlemen  in  our  country  who  have  paid 
particular  attention  to  our  fossils,  and  the  short  time  which  has 
elapsed  since  I  discovered  those  under  consideration,  which  has  pre- 
vented my  consulting  more  than  one  or  two  of  these  gentlemen, 
and  every  European  zoologist,  I  shall  not  be  able  to  give  their  gener- 
ic and  specific  names  as  accurately  and  confidently  as  I  could  wish. 
And  the  same  remarks  will  apply  to  all  the  organic  remains  which 
I  shall  describe  in  this  Report.  But  as  I  shall  give  accurate  draw- 
ings of  the  roost  important  species,  whenever  it  is  practicable,  I 
trust  the  deficiency  will  not  be  great.  I  had  rather  be  regarded 
as  very  ignorant  on  this  subject,  than  by  substituting  conjectures 
for  knowledge,  lead  others  to  form  false  conclusions.  It  is  a  sub- 
ject perhaps  the  most  difficult  of  all  connected  with  geology ; 
especially  in  this  country,  where  there  is  so  great  a  deficiency  of 
good  collections  of  fossil  remains. 

Fossil  Vegetables. 

The  lignite  beds  already  described,  prove  the  presence  of  a 
large  quantity  of  vegetable  matter  in  this  formation.  This  lignite 
is  sometimes  ligniform,  of  a  brown  color,  and  distinctly  fibrous : 
sometimes  it  is  hard  and  brittle ;  and  more  commonly,  it  is  friable. 
I  found  a  mass  at  the  foot  of  the  cliff,  which  abounded  in  the  im- 
pressions of  a  monocotyledonous  plant,  bearing  the  closest  resem- 
blance to  a  Zostera.     The  mass  resembled  peat. 

But  roost  of  the  vegetable  impressions  at  this  cliff  are  dicotyle- 
donous ;  and  exist  only  in  slaty  argillaceous  iron  ore.  Although 
these  impressions  are  very  distinct,  exhibiting  the  minutest  reticu- 
lations of  the  leaf,  yet  every  particle  of  the  vegetable  substance 
is  removed.  This  is  true  only  of  those  instances  where  the  im- 
pressions are  leaves.  (Plate  XI.  Figs.  1,  3,  and  6.*)  The 
shape  of  most  of  these  leaves  very  much  resembles  that  of  an 
Ulmus  :  but  they  are  wanting  in  the  serratures,  which  the  existing 
species  in  this  country  possess.  Fig.  6  has  serratures,  or  rather  is 
crenate,  and  resembles  a  Salix.  On  Fig.  2,  may  be  seen  the  im- 
pressions of  pear-shaped  seeds. 

Figs.  7,  8,  and  9,  represent  different  individuals  of  another  va- 
riety of  vegetable  remains,  occurring  at  the  same  spot,  and  in  the 
same  iron  ore.  These  are  not  mere  impressions  ;  but  a  scale  of 
carbonaceous  matter,  mixed  with  amber,  marks  the  spot  where  the 
vegetable  was  imprisoned.  The  amber  occupies  longitudinal 
ridges,  which  in  the  plate  are  represented  by  white  stripes.     It  seems 

*  All  the  organic  remains  that  are  figured  are  drawn  of  the  natural  size. 

Digitized  by  VjOOQ IC 


Animal  Remains.  197 

to  me  very  obvious,  that  these  remaios  must  be  the  seed  vessels  of 
coniferous  plants.  7he  amber  shows  that  they  abounded  in  resin. 
They  resemble  unopened  flowers  of  syngenesian  plants  :  but  they 
contain  too  much  resin  for  these,  and  have  left  too  much  undecom- 
posed  matter  for  so  frail  a  substance.  Indeed,  although  the  com- 
pound flowers,  with  their  double  calyx  and  strong  receptacle,  might 
stand  a  better  chance  of  being  preserved  in  a  fossil  state  than  those 
of  any  other  kind  of  plant,  yet  I  am  not  aware  that  a  flower  of  any 
sort  hns  been  found  in  that  condition.  Near  one  the  specimens  of 
the  vegetable  under  consideration,  I  observed  an  ovoid  carpoli- 
thes^  sdxHit  a  quarter  of  an  inch  long,  exhibiting  the  shell  most 
distinctly)  and  diflbrent  from  the  pear  shaped  ones  just  mentioned. 

Animal  Remains. 

Vertebral  Animals.  The  bones  and  teeth  of  these  animals  are 
more  numerous  at  Gay  Head  than  any  other  organic  relics.  They 
are  found  in  the  greatest  abundance  in  the  osseous  conglomerate, 
abready  described :  but  they  occur  also  in  the  green  sand,  and  in 
a  yellowish  sand,  associated  with  the  green  sand.  For  the  most 
part,  the  bones  are  not  mineralized  ;  but  frequently  they  are  black 
when  broken;  and  sometimes  they  are  thoroughly  impregnated 
with  iron  ore.  In  general  they  are  much  broken  and  often  rolled. 
In  one  instance,  however,  I  noticed  a  succession  of  large  vertebrae, 
one  or  two  occasionally  being  absent,  for  a  distance  of  10  or  12 
Ceet.  Some  of  these  are  9  inches  thick,  and  as  much  in  length. 
No8.  (104  to  108.)  The  head  in  this  instance  was  wanting ;  and, 
indeed,  nearly  all  the  other  bones,  except  the  vertebrae,  and  short 
portbns  of  the  ribs.  (No.  109) .  But  it  is  improbable  that  these 
could  have  been  moved  in  so  connected  a  state,  far  from  the  spot 
where  this  huge  animal  died.  In  the  green  and  ferruginous  sand, 
vertebrae  are  found  only  occasionally ;  and  they  are  generally 
much  smaller  than  those  in  the  conglomerate ;  but  they  are  not 
rolled. 

It  ought  perhaps  to  be  mentioned,  that  the  largest  vertebrs  no- 
ticed above,  occur  in  the  curved  bed  of  conglomerate  which  lies 
apparently  upon  the  edges  of  the  other  strata.  And  yet,  the 
conglomerate  and  the  contained  bones,  interstratified  with  the  clay, 
cannot  be  distinguished  from  those  of  this  upper  bed,  except  that 
m  this  sin^e  instance  the  bones  are  rather  larger  and  less  broken 
and  rounded. 

Such  of  these  vertebrae,  as  I  thought  it  would  be  of  any  rise  to 
have  drawn,  are  exhibited  on  Plate  XII.  Figs.  23,  24,  25,  and 
28.  Pieces  of  the  ribs,  (some  of  them  4  or  5  inches  in  their 
greatest  diameter,)  bones  of  the  head,  &c.  are  in  general  so 
broken,  that  a  sketch  of  them  would  be  useless.  They  will  be 
found  among  the  specimens.  All  the  vertebrae  that  are  drawn, 
are  from  the  green  and  ferruginous  sand. 

24 
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AH  the  varieties  of  tetsth  that  accompany  these  bones,  which  I 
could  find,  after  a  protracted  search,  are  exhibited  on  Plate  XI. 
Figs.  11,  12,  13, 14,  15,  and  16.  The  flat  teeth,  Figs.  11,  12, 
and  13,  are  evidently  those  of  the  shark :  and  Fig.  12,  must  have 
belonged  to  a  giant  species.  Probably  also  the  triangular  teeth. 
Figs.  14  and  15,  belong  to  the  shark  ;  and  these  are  more  numer- 
ous than  the  others,  and  rather  more  broken ;  though  all  of  them 
are  very  often  much  injured^ 

Fig.  16  appears  to  be  the  fragment  of  a  crocodile's  tooth ; 
corresponding  with  one  figured  in  Cuvier's  Ossemens  Fossiles.  It 
was  found  in  the  ferruginous  sand)  and  it  dififers  from  all  the  petri- 
factions noticed  at  this  cliff,  in  that  it  is  converted  into  a  substance 
exactly  resembling  flint.  It  is  hence  not  at  all  probable,  that  any 
of  the  bones  that  have  been  described,  were  connected  with  this 
tooth,     mo.  103.) 

It  ought  to  be  noticed,  that  sometimes  masses  of  lignite  are 
contained  in  this  osseous  conglomerate  ;  and  that  in  two  instan- 
ces, I  found  the  bones  penetrated  by  a  cylindrical  cavity,  two  or 
three  inches  long ;  pretty  obviously  the  work  of  some  lithodomous 
shell.     (Nos.  112  and  116.) 

We  ascertain,  then,  with  considerable  confidence,  the  remains 
of  the  crocodile  and  two  or  three  species  of  sharks  in  this  cliff*. 
None  of  the  vertebrae  or  other  bones  which  I  have  described, 
however,  seem  to  be  those  of  the  shark.  They  bear  a  much 
nearer  resemblance  to  those  of  huge  saurian  reptiles,  which  I  have 
examined  in  the  geological  collections  at  New  Haven  and  Phila- 
delphia :  one  of  the  vertebrae  in  particular,  appears  very  much 
like  those  of  Plesiosaurus.  At  present  I  am  inclined  to  believe 
that  the  bones  at  Gay  Head  belonged  to  the  lizard  tribe  :  though  I 
dare  not  speak  on,  this  point  with  confidence. 

The  largest  shark's  tooth  given  on  the  plate,  (Plate  XI.  Fig. 
12>)  is  considerably  broken  ;  and,  therefore,  its  exact  dimensions 
cannot  be  ascertained :  but  the  following  measurement  certainly 
does  not  exceed  the  truth. 

Greatest  breadth  of  the  part  covered  with  enamel, 
measured  across  the  base,  .         •         -        .        2  inches. 

The  length  measured  on  the  enamel  of  the  concave 
part  of  the  tooth, -         2  inches. 

If  we  estimate  the  size  of  tbe  shark  to  which  this  tooth  be- 
longed, according  to  the  principles  adopted  by  the  Count  Lace- 
pede  and  Faujas  St.  Fond,  in  the  <  Annales  de  Museum,'  its  length 
must  have  been  about  50  feet !  Dr.  Knox,  however,  thinks  this 
estimate  too  high.*  But  he  describes  a  shark  killed  on  the  coast 
of  Africa,  as  having  teeth  which  measured  11-2  inch  in  the  di- 

*  Edingorgh  Journal  of  Science,  Vol  5.  p.  16. 
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rections  mentionecl  above.  Supposing  the  relative  size  of  the 
teeth  to  indicate  the  relative  size  of  the  aDimals^  the  fossil  shark 
at  Gay  Head  must  have  been  about  36  feet  long  !  Such  was  one* 
of  the  animals  that  swam  in  the  ancient  seas  of  this  latitude !  And 
this  result  corresponds  with  the  conchisions  of  European  geolo- 
gists, that  the  extinct  animals  were  generally  much  larger  than 
those  now  existing.  The  tooth  of  the  crocodile  at  Gay  Head, 
shows,  also,  that  when  this  animal  swam  in  the  waters  of  our  con- 
tinent, the  climate  must  have  been  tropical ;  a  conclusion,  which, 
in  respect  to  Europe,  has  been  well  established  by  a  multitude  of 
similar  facts. 

If  the  vertebrae  and  other  bones  above  described,  are  those  of 
saurians,  the  great  size  of  some  of  them  corresponds  with  the  con- 
clusions just  stated.  In  Europe  it  is  well  known  that  these  rep- 
tiles of  a  former  world,  disinterred  from  the  rocks  from  time  to 
time,  were  of  such  gigantic  size  as  almost  to-stagger  belief.  Being 
60  or  70  feet  long,  and  having  jaws  with  teeth  equal  ia  size  to  the 
incisors  of  the  rhinoceros,  the  Iguanodon  must|  as  Mr.  Mantell  ob- 
serves, have  been  '  a  colossus  in  comparison  to  the  pigmy  alli- 
gators and  crocodiles  that  now  inhabit  the  globe.'*  Until  far- 
ther examination,  however,  it  is  only  a  probable  conjecture  that 
the  bones  at  Gay  Head  belonged  to  congeneric  races. 

I  have  already  remarked  that  I  had  not  met  with  any  account 
of  an  osseous  conglomerate  like  that  at  Gay  Head,  in  any  of  the 
European  formations  of  plastic  clay.  But  bones  of  vertebral  an- 
imals do  occur  in  one  place,  at  least,  in  the  clay  beds  of  the  Paris 
basin.  ^  M.  Bequerel,'  say  Cuvier  and  Brongniart,  *  has  found  in 
the  same  bank  of  clay  and  lignite,  (at  Auteuil,)  pyrites  in  great 
quantities,  bones  of  vertebral  animals,  whose  class  has  not  up  to 
this  time,  (1825,)  been  determined,'  &c.t 

In  1830,  Prevost  says  that '  the  remains  of  reptiles  (Crocodiles) 
and  fluviatile  shells  characterise  the  plastic  clay  of  the  environs  of 
Paris.' t 

In  the  cliff  in  the  southeast  part  of  Chilmark,  I  found  a  frag- 
ment of  bone,  which  undoubtedly  once  belonged  to  a  bird.  It  was 
hollow  and  apparently  about  as  much  changed  as  most  of  the  bones 
at  Gay  Head.  It  was  so  enveloped  in  the  clay  that  I  could  have 
little  suspicion  that  it  was  introduced  subsequently  to  the  deposi- 
tion of  the  clay. 

Crustacea.  In  the  green  sand  at  Gay  Head  we  meet  with  well 
characterised  specimens  of  the  genus  Cancer ;  although  they  are 
in  general  much  broken  ;  showing  that  they  originally  belonged  to 
a  formation  which  was  abraded  or  destroyed  anterior  to  the  pro- 

*  Geology  of  the  S.  East  part  of  England,  p.  280. 

t  Osscmens  Fossiles,  Tome  2d,  p.  342. 

t  Dictloimaire  de  Histoir  Naturelle,  Art.  Teitains. 
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ductioD  of  the  green  sand.  The  interior  part  of  the  specimen 
consists  of  argillaceous  matter,  probably  containing  a  large  propor- 
tion of  oxide  of  iron  :  but  the  covering  of  the  animal  still  retains 
its  black  shining  color,  although  apparently  carbonaceous.  The 
broken  state  of  nearly  all  the  specimens,  renders  it  difficult  to  de- 
termine whether  they  belonged  to  more  than  one  species,  although 
they  probably  did :  and  for  the  same  reason  I  have  thought  that 
many  drawings  would  not  be  of  use.     (Plate  XIL     Fig.  31.) 

Fossil  crabs  have  not,  I  believe,  been  found  in  the  European 
plastic  clay  ;  but  they  occur  in  the  London  clay,  which  is  proba- 
bly only  the  upper  beds  of  that  formation. 

Zoophyta,  In  the  bituminous  conglomerate  that  occurs  in  rolled 
masses  in  the  same  green  sand,  I  found  a  branching  zoophyte^ 
which  may  perhaps  belong  to  the  genus  madrepora;  though  its 
characters  are  indistinct. 

In  the  same  green  sand,  and  also  in  the  ferruginous  sand  associ- 
ated with  it,  we  find  numerous  concretions  whose  interior  part  ap- 
pears to  be  compact  argillaceous  oxide  of  iron,  with  the  pisiform 
ore  disseminated.  Their  shape  is  so  exceedingly  like  that  of  sev- 
eral of  the  alcyonia,  that  I  suspect  they  are  petrifactions  of  those 
singular  animals.  They  are  generally  more  or  less  rolled,  though 
not  as  much  so  as  the  crabs.  Plate  XIL  Figs.  26  and  27  repre- 
sent two  of  these  relics.  Both  of  them  resemble  species  of  the 
genus  Manon  figured  m  Goldfuss'  Petrifacta.  Fig.  27  looks  like 
his  Manon  Peziza. 

On  the  surface  of  some  of  these  specimens  small  pebbles  are 
sometimes  seen  ;  and  I  have  occasionally  found  them  disseminated 
tlirough  the  specimen.  In  such  case  it  may  reasonably  be  doubted 
whether  an  animal  once  occupied  the  place  of  the  nodule.  Yet 
if  the  principal  part  of  it  be  hydrate  of  iron,  I  can  conceive  how 
a  few  pebbles  might  be  introduced  along  with  the  iron  as  it  gradu- 
ally took  the  place  of  the  animal.  Still,  I  am  not  in  a  little  doubt 
as  to  the  origin  of  these  nodules. 

Testacea.  I  found  in  the  green  and  ferruginous  sand  at  Gay 
Head,  the  cast  of  three  genera,  of  shells.  As  the  shell  itself 
is  wanting,  the  characters  are  indistinct ;  and  there  is  evidence 
that  the  specimens  have  been  more  or  less  rolled ;  but  the  two 
bivalves  are  probably  referable  to  the  genera  Venus  and  Tellina, 
and  the  univalve  to  the  genus  Turbo.  The  mineralizer  is  the 
Same  ferruginous  (clay,  or  perhaps  argillaceous  oxide  of  iron, 
which  has  petrified  the  crabs  and  zoophytes.  Hence  <  they 
all  probably  had  the  same  origin.  Plate  XI.  Fig.  3,  is  a  sketch 
of  the  Venus :  Fig.  5,  of  the  Tellina :  Fig.  4.  of  the  Turbo. 
The  latter  is  obviously  somewhat  broken.  I  could  find  only  two 
specimens  of  it.  Of  the  Venus,  I  found  only  three  or  four  i  but 
I  obtained  20  or  30  of  the  Tellina. 
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Dipj  Directianf  ThicJcnesSy  and  'Superpositiony  of  the  Strata. 

In  giving  the  character  of  the  varieties  of  this  formation,  I  have 
anticipated  much  that  properly  belongs  to  this  place. 

One  peculiarity  in  the  clay  of  this  formation,  both  on  the  Vine- 
yard and  on  Cape  Cod,  is  the  very  general  want  of  a  slaty  struc- 
ture. The  strata  seams  are  also  often  indistinct ;  so  that  it  needs 
careful  examination  to  ascertain  the  dip  or  direction  of  the  beds. 
Sometimes,  however,  the  schistose  layers  are  obvious,  as  in  some 
part  of  the  cliff  in  the  southeast  part  of  Chilmark. 

I  have  already  remarked,  that  the  strata  at  Gay  Head,  dip  from 
20^  to  45^  a  little  to  the  east  of  north  ;  and  of  course  they  run 
nearly  east  and  west.  Without  careful  examination,  however, 
that  cliff  would  be  regarded  as  an  unstratified  mass  of  clay,  sand, 
and  lignite.  And  in  respect  to  some  part  of  it,  particularly  its 
southern  part,  I  am  still  in  doubt  whether  the  dip  and  direction  of 
the  beds  correspond  to  the  above  statement. 

At  the  cliff  in  the  east  part  of  Chilmark,  some  of  the  clay  is 
schistose,  and  there  we  find  the  following  section.  A  considerable 
part  of  the  cliff  there,  from  20  to  30  feet  high,  is  covered  by  dilu- 
vium, which  has  slidden  down  from  the  upper  part.  But  where 
the  strata  are  exposed  to  view,  they  present  the  curved,  contorted, 
and  inclined  appearance  exhibited  below.  The  general  dip,  it  will 
be  seen,  is  towards  the  south,  as  the  left  hand  side  of  the  sketch 
is  the  southern  extremity  of  the  cliff.  The  sketch  embraces  a 
horizontal  distance  of  about  five  rods.  The  geologist  sees  at  once, 
that  such  a  cliff  needs  only  to  be  consolidated,  in  order  to  consti- 
tute a  graywacke  formation  ;  as  I  shall  show  by  presenting  a  sim- 
ilar sketch  of  a  ledge  of  graywacke  in  Newport,  R.  Island,  when 
1  come  to  treat  of  that  rock. 


Section  in  the  Plastic  Clay :  Chilmark. 

Inference. 

After  the  preceding  description,  it  seems  to  me  that  no  geolo- 
gist will  hesitate  to  refer  this  formation  to  the  Flastic  Clay  of  Eu- 
ropean authors.     The  variegated  clays,  the  interstratified  lignites 


Digitized  by  CjOOQ IC 


302  Scientijic  Otology. 

with  amber,  and  the  intermixture  of  marine  anipals  with  terres* 
tial  vegetable  remains,  must  settle  the  question.  Some  peculiari- 
ties, have,  indeed  been  pointed  out  in  the  formation  at  the  Vine- 
yard. But  they  are  fewer  than  y^e  might  expect  in  depositions 
so  widely  separated  from  one  another  as  this  is  from  those  in  Eu- 
rope. 

I  ought  perhaps  to  remark  that  some  of  the  ablest  European 
geologists  are  beginning  to  discard  the  Plastic  Clay  from  the  list 
of  formations,  and  to  adopt  other  divisions  of  the  tertiary  strata, 
founded  upon  what  they  regard  as  more  definite  characters.  The 
President  of  the  London  Geological  Society,  in  his  anniversary 
address  for  1833,  rejects  the  term  Plastic  Clay :  as  does  also  Mr. 
Lyell,  in  the  third  volume  of  his  Principles  of  Geology.  He  di- 
vides all  the  tertiary  strata  into  four  groups,  distinguished  by  their 
organic  remains  ;  viz.  the  Newer  Pliocene,  the  Older  Pliocene, 
the  Miocene^  and  the  Eocene — reckoning  in  a  descending  order. 
The  Plastic  Clay  falls  into  the  Eocene,  or  oldest  group. 

Other  places  covered  with  the  Plastic  Clay. 
Nantucket. 

I  colored  this  island  as  underlaid  with  plastic  clay,  not  without 
strong  suspicions  that  its  surface  may  be  composed  of  a  formation 
higher  up  in  the  series.  Its  surface  is  entirely  spread  ovisr  with 
sand,  whose  upper  part  has  been  disturbed  by  diluvial  action,  and  in 
perhaps  no  place  do  its  clifis  rise  more  than  100  feet  above  the 
ocean.  But  clay  exists  beneath  this  stratum  of  sand,  and  is  some- 
what variegated,  though  generally  bluish.  In  this  clay  I  found  a 
single  fossil  much  disintegrated  :  but  it  was  a  native  of  the  forma- 
tion, and  was  contained  in  ferruginous  sand  interstatified  with  the 
clay.  It  resembles  the  genus  found  in  the  newest  tertiary,  as 
mentioned  in  the  proper  place.  Twenty  oi:  thirty  feet  higher,  in 
this  same  cliff,  I  found  worn  specimens  of  Natica  herosy  (Say) 
and  Pyrvla  carica,  (Lamark):  but  I  am  inclined  to  regard  them 
as  either  diluvial  or  alluvial.  Yet  Lt.  Prescott  informs  me  that 
similar  shells  Tire  found  all  over  the  island,  from  10  to  60  feet  be- 
low the  surface  :  and  he  presented  me  with  an  uninjured  specimen 
of  the  Pyrula  carica  dug  up  by  a  well  digger,  several  years  ago, 
30  or  40  feet  below  the  surface,  along  with  many  other  shells ; 
among  which,  were  Mactra  soliddissima,  Venus  mercenaria,  and 
castanea,  Crepidula  fornicata,  Solen  ensis,  Pecten,  Area,  &c. :  all 
of  which  now  inhabit  the  neighboring  ocean.  Can  it  be  that  the 
diluvium  is  so  thick  as  30  or  40  feet  ?  Or  must  we  suppose  that 
the  spot  where  the  town  of  Nantucket  now  stands,  where  these 
shells  were  dug  up,  is  alluvial  ?  Or  finally  can  we  admit  that  the 
upper  stratum  of  sand  on  this  island  is  one  of  the  most  recent  of 
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the  tertiary  formations  ?    The  second  supposition  may  probably 
prove  the  true  one. 

I  was  not  able  satisfactorily  to  ascertain  the  dip  of  the  clay  beds 
on  Nantucket.  But  Lt.  Prescott,  on  whose  accuracy  of  observa- 
tion I  place  great  reliance,  is  confident  that  they  dip  a  few  degrees 
to  the  south :  and  my  own  examination  of  some  quite  limited  clay 
pits^  rather  confirms  this  opinion. 

What  is  the  dip  of  the  Plastic  Clay  1 

In  DO  other  place,  except  those  above  described,  have  I  ob- 
served the  dip  of  this  formation.  But  it  will  be  seen  that  there  is 
great  discrepancy  in  the  dip  as  observed  at  two  places  on  the  Vine- 
yard, and  on  Nantucket :  and  I  confess  my  inability  to  determine 
whether  there  is  any  predominant  dip  in  these  strata.  It  is  interest 
ing  to  ascertain  that  this  formation  has  a  dip  at  all ;  since  it  seems 
thus  more  nearly  identified  with  the  well  known  plastic  clay  of  the 
Isle  of  Wight,  so  well  described  by  Mr.  Webster;  and  since  also 
tbb  fjBict  has  such  an  important  bearing  upon  the  theory  of  the 
formation.  But  it  is  doubtful  whether  its  predominant  dip  can  be 
determined  from  patches  so  limited  as  those  which  are  found  in 
Massachusetts. 

Elie  de  Beaumont  represents  '  the  extensive  deposites,  in  part 
tertiary,  and  in  part  diluvial,  which  lie  between  the  Alleganies 
and  the  ocean  on  the  east,  from  Nantucket  to  Florida,  as  resting 
directly  on  the  inclined  edges  of  the  older  rocks,  and  exhibiting 
m  themselves  no  traces  of  dislocation.'*  But  unless  my  senses 
have  greatly  deceived  me,  we  have  on  Martha's  Vineyard  most 
decbive  evidence  of  dislocation  in  one  of  the  higher  members  of 
these  deposites :  for  Dr.  Morton  has  proved,'  that  farther  to  the 
south,  a  part  of  the  beds  of  this  vast  formation  are  equivalents  of 
the  higher  secondary  strata  in  Europe.  If,  therefore,  the  inclined 
position  of  the  strata  on  the  Vineyard  be  not  a  solitary  case, 
resulting  from  local  disturbances,  Beaumont's  position  is  untenable, 
and  bis  inferences,  dependant  on  that  position,  incorrect. 

In  Truro. 

Truro  is  th^  extreme  town  but  one  on  CapQ  Cod ;  and  on  the 
eastern  shore  is  a  patch  of  plastic  clay,  large  enough  for  one  or 
two  good  farms,  on  which  stands  a  light  house,  as  at  Gay  Head. 
The  clays  here  are  somewhat  variegated  ;  though  the  predominant 
color  is  blue.  They  exhibit  also,  the  same  unstratified  aspect,  as 
at  Gay  Head ;  and  are,  I  doubt  not,  another  remnant  of  the  same 
formation.  I  did  not,  however,  give  the  spot  that  protracted 
examination  which  would  be  necessary  to  ascertain  the  dip  of  the 

*  Recherches,  &c.  p.  320,  chap.  1. 
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strata,  and  whether  they  contain  any  organic  remains  :  not  being 
then  aware  that  the  formation  had  such  important  connections  as 
I  now  suppose  it  to  have.     The  spot  deserves  further  examination. 

6i  Duxbury. 

Clay  is  not  unfrequently  found  beneath  the  sands  of  Cape  Cod ; 
though  I  am  not  aware  that  any  cliffi  of  considerable  beighl  occur 
except  in  Truro  \  nor  that  any  organic  remains  of  interest  have 
been  found  in  it.  But  in  Duxburj-,  in  Plymouth  county,  I  have 
ascertained,  since  the  publication  of  the  first  edition  of  the  first 
part  of  my  Report,  that  strata  and  ommic  remains  exist  there, 
identical  with  those  at  Gay  Head.  I  am  much  indebted  to  the 
Rev.  Benjamin  Kent,  of  that  place,  for  communicating  to  me  a 
very  detailed  account  of  these  strata  and  relics,  made  out  after 
personal  examination.  It  appears  that  30  years  ago,  a  well  was 
dug  near  the  edge  of  a  plain  of  considerable  extent,  about  4  1-3 
miles  from  the  sea,  and  nearly  surrounded'by  a  swamp.  Coarse 
gravel  (diluvium)  occupied  the  surface ;  next  came  a  layer  of 
*  vegetable  earth,'  in  which,  20  feet  from  the  surface,  was  found 
<  a  large  fallen  oak  (?)  tree.'  Next  a  stratum  of  tough  blue  clay, 
six  inches  thick ;  next  strata  of  ^  iron  ore,  or  gravel  impregnated 
with  it :'  ^  below  this,  lay  the  shells,  be.  in  apparently  fresh  marsh 
mud'  (green  sand  ?)  Here  were  found  a  veiy  perfect  shark's 
tooth,  J^Plate  XIII.  Fig.  37,)  the  cast  of  a  small  species  of  Ve- 
nus, (Fig.  40,)  and  the  same  species  of  Turbo  that  occurs  at  Gay 
Head.  (Plate  XII.  Fig.  4.)  Mr.  Kent  took  the  trouble  of  having 
a  shaft  sunk  on  the  margin  of  the  swamp  in  the  vicinity  of  this 
well ;  and  the  strata  penetrated,  correspond  with  those  mentioned 
above.  The  water  rushing  into  the  opening,  however,  prevented 
him  from  examining  thoroughly  for  petrifactions. 

Another  well  was  opened  10  years  ago,  80  rods  nearer  the  sea 
than  the  first  mentioned,  and  at  a  lower  level.  After  digging  13 
feet,  through  strata  similar  to  those  in  the  first  well,  they  came  to 
a  soKd  layer  of  ferruginous  sandstone,  which  arrested  their  pro- 
gress. '  Angry  with  disappointment,'  said  the  owner  of  the  well, 
^  my  man  brought  a  thundering  blow  upon  the  rock,  and  through 
it  went ;  and  up  spouted  the  water.  We  then  cleared  away  and 
Ibund  a  plate  of  iron  (ore)  about  two  inches  thick :  under  this 
plate  lay  a  bed  of  strong  marsh  mud,  full  of  cohogs  and  clams, 
and  cockles,  about  two  bushels  of  which  we  took  out.  In  the 
centre  lay  plainly  a  land  animaVi  bone,  as  lai^e  as  my  wrist,  and 
six  inches  long,  fractured,  which  was  given  to  some  Society  in 
Boston.'  This  fine  collection  has  nearly  disappeared.  Mr.  Kent, 
however,  sent  me  a  single  specimen,  a  cast  of  a  Venus,  much 
abraded,  not  to  be  distinguished  in  size  and  shape  from  that  sketched 
on  Plate  XII.  Fig.  3.     The  mineralizer  in  this  case  is  clay  ;  not 
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so  mtich  indurated  but  that  it  may  be  cut  without  difficulty.  And 
this  is  the  case  with  all  the  Duxbury  specimensyfexcept  the  shark's 
toothy  which  is  not  mineralized,  or  only  partially  so.  In  the  spe- 
cimen from  the  second  well,  mentioned  above,  in  the  cavity  occu- 
pied by  the  hinge,  is  a  small  quantity  of  green  sand,  exactly  like 
that  at  Gay  Head ;  which  proves  satisfactorily  the  identity  of  the 
marsh  mud  and  the  green  sand  :  and  that  the  green  sand  of  Gay 
Head  is  identical  with  that  in  England,  a  comparison  of  specimens 
shows. 

Thus  it  appears  that  the  proof  is  as  strong  as  could  be  desired, 
of  the  entire  similarity  between  the  plastic  clay  of  Gay  Head, 
and  the  fbssiliferous  formation  above  described  at  Duxbury.  Truq, 
no  variegated  clays  are  mentioned  at  Duxbury :  nor,  if  I  rightly 
recollect,  do  any  variegated  clays  occur  above  the  green  sand  at 
Gay  }lead :  but  a  blue  clay  only.  And  probably  by  penetrating  the 
strata  deeper  at  Duxbury,  the  variegated  clays  might  be  brought 
to  light.  A  question  hence  arises  whether  the  green  sand  ought  to  be 
re  garded  as  belonging  to  the  plastic  clay  ?  Some  writers  do,  indeed, 
limit  the  plastic  clay  formation  to  the  variegated  clays :  but  that 
the  lignites  and  green  sand  belong  to  the  same  formation,  Tunder- 
standing  by  that  term,  a  consecutive  and  parallel  series  ot  strata 
produced  during  the  same  geological  period,)  there  can  be  no 
doubt.  Not  improbably,  however,  the  green  sand  in  this  country 
occupies  the  same  situation  with  regard  to  the  variegated  clays,  as 
the  London  clay  does  in  England  with  respect  to  those  clays. 
But  probably  the  London  clay  ought  not  to  be  separated  from  the 
plastic  clay. 

The  facts  discovered  at  Duxbury  render  it  extremely  probable 
that  the  extensive  sandy  deposites  ia  Plymouth  and  Barnstable 
counties  are  underlaid  by  plastic  clays ;  although  the  powerful  di- 
luvial action  to  which  that  region  has'  been  subjected,  may  have 
spread  these  sands  over  other  formations.  The  sands  that  occur 
along  the  west  side  of  Narraganset  Bay,  in  Rhode  Island,  in  the 
•vicinity  of  Providence,  may  probably  belong  to  the  same  forma- 
tion. It  is  to  be  hoped  that  when  more  of  the  oiiffi  and  pits  in 
this  formation  have  been  examined,  a  richer  variety  of  organic  re- 
mains will  be  brought  to  light. 

Relative  Position  of  Plastic  Gay. 

In  Europe  plastic  clay  lies  immediately  above  the  chalk.  But 
in  this  country  the  chalk  appears  to  be  wanting;  and  Dr.  Morton 
has  shown  satisfactorily  that  its  equivalent  is  the  Ferruginous  Sand 
Formation.*     In  the  middle  and  southern  states,  the  plastic  clay 

*  Joarnal  Acad.  Natural  Sciences,  Vol.  VI :  also  American  Journal  of  Science, 
Vols.  XVII  and  XY  [II. 
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lies  immediately  above  this  ferruginous  sand.  But  I  have  no  ev- 
idence that  this  is  or  is  not  the  case,  in  Massachusetts,  except 
analogy ;  which,  in  the  present  case,  must  be  considered  very- 
strong  in  favor  of  the  affirmative.  The  spot  most  likely  to  afford 
light  on  this  point  is  Gay  Head.  But  the  action  of  the  sea  has 
been  so  powerful  there,  that  little  of  the  ferruginous  sand,  if  it 
once  existed,  has  been  spared. 

Extent  of  the  Plastic  Clay  Formation. 

The  patches  of  this  formation  that  have  been  described  in  Mas- 
sachusetts, are  doubtless  only  the  remnants  of  a  vast  extent  of 
these  strata,  extending  at  least  from  Cape  Cod  to  the  borders  of 
the  Gulf  of  Mexico ;  and  how  far  eastward,  where  the  Atlantic 
now  rolls,  we  can  form  no  probable  opinion  :  though  there  is  some 
reason  for  supposing  that  they  once  even  reached  Europe  ;  along 
whose  shores  similar  strata  are  found  at  present.  As  we  proceed 
southward  along  the  coast  from  Martha's  Vineyard,  the  plastic 
clay  appears  on  Long  Island,  in  N.  Jersey,  and  Maryland,  at  Natch- 
es,  at  the  Chicasaw  Bluffs,  he ;  according  to  the  statements  of 
Mr.  Finch.*  -  If  this  should  prove  to  be  one  continuous  formation 
'as  there  is  some  reason  for  supposing,  it  will  be  by  far  the  most  ex- 
tensive deposite  of  this  kind  hitherto  discovered.  We  do  know 
that  this  and  other  tertiary  formations,  with  the  ferruginous  sand, 
which  is  the  highest  of  the  secondary  rocks,  occupy  nearly  all  that 
wide  range  of  level  country  lying  along  the  Atlantic  coast  of  the 
Southern  States. 

Theoretical  Considerations. 

It  is  universally  agreed  that  all  the  tertiary  formations  have  been 
deposited  from  materials  diffused  or  dissolved  in  water ;  and  it  is 
now  generally  admitted  that  these  deposites  took  place  in' inde- 
pendent basins  and  at  various  epochs.  One  of  the  most  remark- 
able facts  in  relation  to  these  deposites,  is  the  frequent  alternation, 
or  admixture,  of  marine  with  fresh  water  or  terrestrial  relics. « 
Thus,  at  Gay  Head,  we  have  lignites  and  dicotyledonous  vegeta- 
bles mixed  and  probably  alternating  with  the  remains  of  sharks, 
alcyonites,  crabs,  and  marine  shells.  In  some  instances,  such  facts 
may  be  explained  by  supposing  alternate  elevations  and  depress- 
ions of  the  surface,  so  as  to  bring  salt  and  fresh  water  successively 
6ver  these  deposites.  But  more  usually  it  is  probable  these  strata 
«vere  deposited  in  estuaries,  which  were  occasionally  inundated 
by  fresh  water :  and  as  in  early  limes  the  earth's  surface  was  per- 
haps, more  level  than  at  present,  these  inundations  might  be  more 
extensive  than  any  that  now  occur. 

♦Am,  Journal  of  Science  Vol.  VII.  p.  34 :  also  Conrad's  FossU  Shells  Vol.  I. 
p.  14. 
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Another  interesting  fact,  wbicb  has  been  recently  established  by 
Beaumont,  Desnoyers,  Boue,  and  others,  is,  that  during  the  period 
in  which  these  tertiary  deposites  were  proceeding,  violent  conFul-- 
sipos,  succeeded  by  long  intervals  of  repose,  took  place ;  by 
wbicb  some  of  the  highest  mountains  on  the  globe  were  elevated, 
and  portions  of  these  formations  elevated,  along  with  them ;  so 
as  now  to  crown  their  summits.  Such  facts  have  opened  a  new 
field  for  chronological  geology  :  and  in  our  country  it  is  yet  en- 
tirely untrodden. 

Another  interesting  fact,  which  appears  to  be  well  established  in 
the  third  volume  of  Mr.  LyelFs  '  Principles  of  Geology,'*  is  the 
admixture  of  recent  and  extinct  species  of  testacea  in  the  the  ter- 
tiary formations.  In  his  Newer  Pliocene  Strata,  which  is  the  up- 
permost or  most  recent  group,  he  finds  that  *  the  proportion  of  liv- 
ing species,  where  least  considerable,  usually  approaches  to  one 
half  of  the  total  number,  and  appears  always  to  exceed  a  third. ' 
In  the  next  inferior  group,  or  Older  Pltcx^ene,  the  relative  propor- 
tion is  not  much  different ;  but  this  group  is  distinguished  by  cer- 
tain peculiar  species.  In  the  Miocene  Strata  1021  species  have 
been  found,  of  which  176  only,  or  about  18  in  100,  are  recent. 
And  in  the  Eocene  or  oldest  group,  of  1238  species,  42  only  ate 
identical  with  living  species.  This  gradual  decrease  of  recent  spe- 
cies as  ^e  descend  deeper  into  the  earth,  corresponds  with  what 
we  know  of  the  organic  remains  in  the  older  fossiliferous  rocks,  and 
seems  to  indicate  successive  destructions  and  renewals  of  animal 
and  vegetable  life  at  various  periods  in  the  history  of  our  globe. 

Although  the  newest*  tertiary  in  this  State  appears  to  have  re- 
mained undisturbed  since  its  deposition,  yet  it  is  interesting  to  find 
that  our  plastic  clay,  has  experienced  a  convulsion^  almost  equal 
to  that  by  which  its  strata,  in  the  Isle  of  Wight,  liave  been  thrown 
into  a  vertical  position.f  As  to  the  period  when  the  stitita  at 
Martha's  Vineyard  were  elevated,  I  can'  sa/  but  little.  I  have 
already  expressed  an  opinion  that  a  granite  ridge  passes  along  the 
western  side  of  that  Island,  not  far  beneath  the  surface :  but  I 
have  searched  in  vain  there  for  any  oT  the  more  recent  unstratified 
rocks.  At  present,  then,  I  must  conclude  that  we  have  no  evi- 
dence of  the  action  of  any  disturbing  force  since  the  protrusion  of 
this  granite.  But  in  Europe,  I  believe  no  rock  above  the  chalk 
has  been  proved  to  have  been  disturbed  by  granite  ;  and  hence  I 
hesitate  to  impute  the  elevation  of  our  plastic  clay  to  that  rock, 
•  especially  on  such  equivocal  evidence  as  I  now  possess. 

♦Pages  53,54,55. 

t  Geological  Transactions,  Vol.  U.  p.  161. 
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Supposed  evidence  of  Volcanic  Agency  at  Gay  Head. 

The  opinion,  I  ought,  however,  to  remark,  has  been  advanced 
by  writers  too  respectable  to  be  passed  unnoticed,  that  there  are 
traces  of  volcanic  action  at  Gay  Head.  The  great  quantity  of 
lignite  there  mixed  with  the  clay,  giving  the  whole  mass  an  ap- 
pearance somewhat  like  cinders,  and  the  ferruginous  conglomerate, 
in  which  the  pebbles  are  coated  over  with  the  brown  hydrate  of 
iron,  often  exceedingly  resembling,  the  conglomerated  semi-fused 
mass  that  is  raked  out  of  a  furnace,  would  very  naturally  lead  a 
person,  unpractised  in  geology,  to  refer  them  to  volcanic  agency. 
These  are  undoubtedly  the  substances  intended  by  Dr.  Baylies, 
when  be  speaks  of'  masses  of  charcoal,'  and  '  large  stones,  whose 
surfaces  were  vitri6ed,  '*  It  is  now  well  understood,  that  neither 
lignite  nor  the  hvdrate  of  iron,  require  heat  for  their  production. 

Geological  speadatiom  of  the  Aborigines. 

Gay  Head  being  naturally  a  place  of  resort  for- the  Indians,  they 
could  not  but  notice  its  peculiarities.  And  they  had  an  advantage 
over  geologists  of  modem  times  in  explaining  phenomena.  For 
when  a  difficulty  presented  itself,  they  had  only  to  call  in  the  aid 
of  some  mighty  spirit,  or  giant,  who  once  inhabited  the  spot. 
This  they  have  done  in  attempting  to  account  for  appearances  at 
Gay  Head.  I  am  indebted  to  C.  C.  Baldwin)  Esq.  Librarian  of 
the  American  Antiquarian  Society,  for  an  interesting  extract,  ex- 
hibiting the  Indian  tradition  on  this  subject.  He  hu^  added  anoth- 
er extract,  showing  the  Indian  Philosophy  of  Fogs  on  the  coast : 
and  another  from  the  writings  of  Cotton  Mather  relating  to  some 
fossil  bones  found  in  Virginia,  which  is  a  good  exhibition  of  the 
manner  in  wHtci^  such  facts  were  regarded  a  century  ago.  I  take 
the  liberty  to  subjoin  the  entire  letter. 

Worcester.  July  7,  1832. 
Mt  Dear  Sir, 

I  will  now  comply  with  my  promise  in  rela- 
tion to  the  interesting  Fossil  Remains,  which  you  found  in  your 
recent  visit  to  the  Elizabeth  Islands. 

'  The  first  Indian  who  came  to  the  Vineyard,  was  brought  thither 
with  his  dog  on  a  cake  of  ice.  When  he  came  to  Gay  Head,  he 
found  a  very  large  man,  whose  name  was  Moshop.  He  had  a  wife 
and  five  children,  four  sons  and  one  daughter  ;  and  lived  in  the  den. 
He  used  to  catch  whales  and  then  pluck  up  trees,  and  make  a  fire  * 
and  roast  them.  The  coals  of  the  trees^  and  the  bones  of  the 
whaleSf  are  now  to  be  seen.     After  he  was  tired  of  staying  here, 

*  Transactions  of  the  Amer.  Acad,  of  Arts  and  Sciences,  Vol.  11.  part  I. 
p.  150.  ■ 
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he  told  his  ehildreo  to  go  and  plaj  ball  on  the  beach  that  joined 
Noman's  Land  to  Gay  Head.  He  then  made  a  mark  with  bis  toe 
across  the  beach  at  each  end,  and  so  deep,  that  the  water  followed 
and  cut  away  the  beach :  so  that  bis  children  were  in  fear  of 
drowning.  They  took  their  sister  up  and  held  her  out  of  the  wa- 
ter. He  told  them  to  act  as  if  they  were  going  to  kill  whales ; 
and  they  were  all  turned  into  Killers,  (a  fish  so  called).  The  sis- 
ter was  dressed  in  large  stripes.  He  gave  them  a  strict  charge  to 
be  kind  to  her.  His  wife  mourned  the  loss  of  her  children  so 
exceedingly  that  he  t'hrew  her  away.  She  fell  upon  Seconet,  near 
the  rocks,  where  she  lived  sometime,  exacting  contribution  of  all 
who  passed  by  water.  After  a  while  she  was  changed  into  a  stone. 
The  entire  shape  remained  for  many  years.  But  after  the  Eng- 
lish came,  some  of  them  broke  off  the  arms,  head,  be.  but  the 
most  of  the  body  remains  to  this  day.  Moshop  went  away, 
nobody  knows  whither.  He  had  no  conversation  with  the  Indiaus, 
but  was  kind  to  them  by  sending  them  whales,  be.  ashore  for  . 
them  to  eat.  But  after  they  grew  thick  around  him,  he  left  them.' 
See  Mast.  His.  Collections^  Vol  1.  p.  139. 

*  In  former  times,  a  great  many  moons  ago,  a  bird,  extraordinary 
for  its  size,  used  often  to  visit  the  south  shore  of  Cape  Cod,  and 
carry  from  thence  a  vast  number  of  small  children. 

Maushop,  who  was  an  Indian  Giant,  as  fame  reports,  resided  in 
these  parts.  Enraged  at  the  havoc  among  the  children,  he,  on  a 
certain  time,  waded  into  the  sea  in  pursuit  of  the  bird,  till  he  bad 
crossed  the  Sound,  and  reached  Nantucket.  Before  Maushop 
forded  the  Sound,  the  Island  was  unknown  to  the  Aborigines  of 
America. 

Tradition  says  that  Maushop  found  the  bones  of  the  Children 
in  a  heap  under  a  large  tree.  He  then  wishing  to  smoke  a  pipe, 
ransacked  the  Island  for  tobacco ;  but  finding  none,  he  filled  his 
pipe  with  poke,  a  weed  which  the  Indians  sometimes  used  as  Its 
substitute.  Ever  since  the  memorable  event,  f(%s  have  been  fre- 
quent at  Nantucket  and  on  the  Cape.  In  allusion  to  this  tradition, 
when  the  Aborigines  observed  a  fog  rising,  they  would  say,  'There 
comes  Old  Maushop's  smoke." — See  Mass.  His.  Collections^ 
Vol  5,  J?.  57. 

I  have  made  the  above  extracts,  thinking  they  might  interest 
you  in  your  inquiries  in  relation  to  the  bones  at  Gay  Head.  And 
I  cannot  but  be  of  opinion  that  the  above  interesting  tradition  about 
the  existence  of  the  Giant,  had  its  origin  with  the  Indians  from 
their  having  found  the  skeletons  of  large  marine  animals.  Per- 
haps two  hundred  years  ago,  as  late  a  period  as  the  traditton  refers 
to,  the  bones  might  have  presented  very  different  appearances  fi-om 
Ivbat  they  now  do. 

In  the  collections  of  MSS.  belonging  to  the  Society  of  which  I 
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trn  Librarian  y  are  copies  of  letters  addressed  by  the  Learned  Cotton 
Mather  to  different  persons  residing  in  Europe.  They  are  entitled 
'  Curiosa  Americana.'  Among  them  are  eight  letters  to  Dr.  James 
Jurin.  One  of  these  is  entitled  '  A  Monstrous  Dragon.'  But  be- 
fore speaking  of  the  paticular  subject  of  hb  letter,  be  gives  an  ac- 
count of  all  the  stupendous  snakes  which  have  been  described  by 
the  ancients.  The  letter  shall  speak  for  itself.  It  concludes  as 
follows :  « 

.  ^  A  few  months  ago,  near  the  Falls  of  James  River  in  Virginia, 
Some'  [persons]  digging  a  water  course  for  a'mill,  by  a  small  Run 
of  Water  under  the  Side  of  an  Hill,  Ten  foot  under  ground,  they 
found  the  Back  bone  of  a  snake,  lying  in  such  a  form  as  thisN.^v^. 
They  dug  along  from  the  Head  to  the  Tail  of  it,  both  which  were 
much  decayed,  but  the  earth  about  the  decayed  parts  was  of  a 
different  color  from  all  the  earth  about  it.  These,  with  all  the* 
bones,  were  found  exactly  of  the  same  depth  under  ground.  It 
.  was  about  a  mile  and  half  distant  from  the  great  River,  and  about 
one  hundred  and  fifty  miles  from  the  sea.  But  now  for  the  Prod- 
igy. The  Monster  extends  above  one  hundred  and  fifty  foot  in 
length.  A  credible  person  who  measured  the  Trench  out  of 
which  it  was  taken,  brings  the  account  unto  us,  and  brings  with 
him  one  Joint  of  the  Back  bone,  which  the  workmen  gave  him,  and 
which  I  find  is  Five  inches  and  a  quarter  in  depth,  Five  inches 
and  a  half  in  width.  Four  inches  and  an  half  Diameter  backwards 
and  forwards,  and  though  it  be  grown  very  dry,  and  some  of 
it  be  worn  off  yet  it  weighs  thirty  three  ounces  and  an  half. 
Momtam  horrmdiaiii, 

I  shall  not  go  to  trouble  you  with  any  of  my  poor  speculations 
on  the  subject :  chusing  and  wishing  rather  to  be  instructed  from 
yours.  And  so,  only  praying  for  your  Deliverance  from  a  greater 
Dragon  than  that  whose  Bones  were  lately  found  in  Virginia,  I 
subscribe, 

Sir,  your  most  hearty  Servant.' 

Cotton  Mather. 

June  3,  1728. 

I  do  not  know  that  this  letter  has  ever  been  published.  That 
fact  may  be  ascertained  by  a  reference  to  the  Transactions  of  the 
Royal  Society,  or  the  *  Philosophical  Transactions.'  The  author 
of  the  letter  above,'  had,  at  the  time  of  its  date,  in  England  as 
well  as  in  America,  a  high  reputation  for  learning  and  it  is  altogeth- 
er probable  that  it  was  published  there.  I  have  never  heard 
that  it  had  been  published  in  this  country,  and  presume  that  it 
never  was. 
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Accept  I  praj  you,  my  best  wishes  for  your  health  and  happi- 
ness, and  believe*  me  to  be  with 

Very  great  respect  and  regard, 
Your  Friend  and  Servant, 

Chbistopher  Columbus  Baldwin,  lib.  A.A.fl. 


4.    NEW  RED  SANDSTONE. 

Terrain  Poecilien  et   Peneens.      Brongniart.*    Potctlitt  Co- 
Dybeare.f 

Under  this  namq  I  have  included  all  the  sandstone  in  the  valley 
of  the  Connecticut ;  extending  from  New  Haven,  Ct.  to  the  north 
line  of  Massachusetts  in  Northfield.^  On  a  geological  map,  given 
in  the  6th  yolume  of  the  American  Journal  of  Science,  I  have 
marked  the  inferior  beds  of  this  formation  as  Old  Red  Sandstone. 
Nor  do  I  now  deny  the  existence  of  this  rock  in  that  valley.  But 
I  have  not  discovered  marks  enough  to  identify  it  so  clearly,  as  to 
be  justiGed  in  giving  it  a  place  on  the  Map.  I  think  I  can  identi- 
fy the  upper  beds  of  this  formation,  with  the  New  Red  Sandstone 
of  Europe ;  or  rather,  show  it  to  be  probable  that  these  beds  are 
the  equivalent  of  the  new  red  sandstone.  And  not  improbably 
the  lower  beds  correspond  essentially  with  the  old  red  sandstone 
of  Europe :  for  sometimes  in  that  quarter  of  the  globe,  the  two 
series  are  in  contact :  as  in  Arran  in  Scotland  \X  although  generally 
they  are  separated  by  the  coal  measures.  But  as  long  as  we  have 
no  certain  evidence  of  the  existence  of  the  old  red  sandstone  in  the 
valley  of  the  Connecticut,  it  is  better  to  consider  all  the  beds  of 
the  sandstone  there,  as  belonging  to  the  new  red  sandstone  :  nor 
shall  we  have  any  difficulty  in  finding  a  place  for  the  whole  series 
within  the  wide  range  embraced  by  the  usual  definition  of  this 
rock. 

In  the  paper  above  refercd  to,  1  formerly  described  the  upper 
beds  of  the  sandstone  under  consideration,  as  the  Coal  Formation  ; 
not  however,  without  suggesting  doubts,  as  to  its  identity  with  the 
coal  measures  of  Europe.  Thin  seams  of  genuine  bituminous 
coal,  do,  indeed,  occur  in  the  series,  in  gray  micaceous  sandstone  ; 
and  its  resemblance  to  the  coal  measures  of  Europe,  has  induced 
men  of  great  experience  tp  explore  it  for  coal.  But  only  a  small 
quantity  has  ever  been  found ;  and  it  said  that  coal  occurs  also,  in 
the  new  red  sandstone  on  the  continent  of  Europe  :  so  that  the 
occurrence  of  coal,  is  by  no  means  certain  evidence,  that  the 

♦Tableau  Des  Terrains,  p.  244. 
t  Report  on  Geology  for  1832,  p.  382. 
tMaccttlloch's  Geology,  Vol.  I.  p.  274. 
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rock  in  which  it  is  found,  is  the  real  coal  formation  of  geological 
writers. 

For  the  most  part,  the  ranges  of  greenstone  in  the  Connecticut 
valley  separate  the  upper  from  the  lower  beds  of  the  sandstone 
under  consideration :  so  that,  if  any  should  choose  to  distinguish 
between  them  on  the  Map,  they  can  do  it,  by  recollecting  that 
the  sandstone  on  the  east  side  of  the  greenstone,  belongs  to  the 
upper  beds ;  and  that  on  the  west  side,  to  the  lower  ones. 
•  I  found  my  opinion,  that  the  upper  beds  of  this  formation  are 
the  new  red  sandstone,  upon  the  following  facts:  1.  The  dis- 
covery of  a  vertebral  animal  several  feet  long  in  East  Windsor, 
Ct.  in  one  of  the  varieties  of  this  rock,  18  feet  below  its  surface. 
Now,  if  I  mistake  not,  no  vertebral  animal  (except  the  relics  of  a 
few  fish,  perhaps,)  have  ever  been  found  below  the  new  red  sand- 
stone ;  especially  bones  that  are  merely  preserved,  and  not  at  all 
petrified,  as  is  the  case  with  those  at  East  Windsor.  In  Europe 
a  few  saurian  animals  have  been  found  in  this  rock :  and  probably 
it  was  an  animal  of  this  description  that  was  found  in  Connecticut. 
2.  The  occurrence  of  fossil  fish,  as  at  Sunderland;  one  of  the  spe- 
cies of  which,  (Palaeotkrissum  frtsleheneme^  and  the  rock  con- 
taining it  so  exactly  resemble  s*pecimens  of  the  same  from  Mans- 
field and  Hesse  in  Germany,  that  Prof.  Al.  Brongniart  could  dis- 
tinguish them  only  by  their  labels.  But  the  rocks  in  Germany 
containing  these  fish,  belong  to  the  new  red  sandstone  group. 
They  occur  also  at  Autun  in  France,  and  atone  or  two  places  in 
Great  Britian,  with  precisely  the  same  characters  ;  the  rock  being 
a  member  of  the  new  red  sandstone.  Hence  the  probability  is 
strong  that  the  rock  containing  them  along  Connecticut  river,  is 
the  new  red  sandstone,  or  its  equivalent.  3.  One  variety  of  the 
new  red  sandstone  gix>up  in  Germany,  (the  copper  slate,)  is 
wrought,  as  an  ore  of  copper :  and  veins  of  similar  ores  occur  in 
the  Connecticut  valley ;  frequently  passing  from  the  sandstone  into 
the  adjoining  greenstone ;  and  in  one  or  two  cases,  I  have  ob- 
served thin  layers  of  sandstone,  considerably  charged  with  the 
green  carbonate  of  copper.  This  may  perhaps,  be  considered  as 
corroborative  evidence  that  the  formations  in  the  two  countries  are 
contemporaneous ;  or  that  they  were  produced  under  similar  cir- 
cumstances. 4.  The  sulphates  of  baryta  and  strontia,  are  found 
in  the  new  red  sandstone  of  England ;  the  latter  <  stellated  on 
carbonate  of  lime'  near  Bristol ;  and  tfiey  occur  under  similar  cir- 
cumstances, as  will  be  more  particularly  described  hereafter,  in 
the  sandstone  group  of  the  Connecticut  valley.  Magnetic  iron 
.  sand  also  proceeds  from  this  rock  here,  as  on  the  banks  of  the 
Mersey,  opposite  Liverpool.  5.  In  Germany,  bituminous  marlite 
occurs  only  in  the  new  red  sandstone  group.  Fetid  limestone  is 
there,  also  a  member  of  the  same  formation.    In  Massachusetts, 
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likewise,  the  same  rocks  are  similarly  associated  ;  and  I  have  late- 
ly ascertained  that  a  part  of  the  slate  containing  ichthyolites  at 
Sunderland,  is  the  bituminous  marlite.  6.  Werner  regarded  the 
variegated  appearance  of  the  new  red  sandstone  as  characteristic 
of  the  formation ;  and  hence  his  name  of '  hunter  sandstein.'  In 
the  Connecticut  valley  this  aspect  i?  not  very  common.  But  in 
Bemardston,  the  lower  beds  exhibit  it  on  a  large  scale  :  and  on 
the  banks  of  Westfield  river  are  several  interstratified  layers,  afford- 
ing beautiful  examples  of  this  structure  in  hand  specimens ;  and  it 
is  particularly  interesting  that  these  cannot  be  distinguished  by  the 
eye  from  specimens  from  Nova  Scotia,  associated  with  gypsum ; 
and  therefore  unquestionably  belonging  to  the  new  red  sandstone 
group.  Similar  specimens  may  be  obtained  at  South  Hadley  Ca- 
nal on  the  West  Springfield  shore. 

Mineralogical  Characters  of  the  New  Red  Sandstone. 

*  Taken  as  a  mass,'  says  De  la  Beche,*  'the  group  (of  new  red  sand- 
stone) may  be  considered  as  a  deposit  of  conglomerate,  sandstone, 
and  marl,  in  which  limestones  occasionally  appear  in  certain  terms 
of  the  series ;  sometimes  one  calcareous  deposit  being  absent,  as 
the  muschelkalk  is  in  England  ;  sometimes  the  zechstein,  as  in  the 
east  and  south  of  France  ;  and  sometimes  both  being  wanting  as 
in  Devonshire.'  *The  beds' says  Dr.  Macculloch,f 'are  some- 
times of  a  conglomerate  structure,  at  others  a  fine  sandstone  and 
occasionally  schistose  ;  and  in  composition,  the  rock  is  calcareous, 
Argillaceous,  or  ferruginous,  or  all  together  presenting  endless 
variations  of  aspect  and  color.^ 

These  descriptions  correspond  in  general  to  the  group  which  I 
denominate  new  red  sandstene  in  the  Connecticut  valley.  Our 
rock,  however,  is  more  deficient  in  calcareous  matter  than  is  usual 
in  Europe :  though  more  or  less  of  lime  is  scattered  through  alt 
the  members  of  the  group  ;  so  that  in  some  cases  even  the  red- 
dish shales  slightly  effervesce  with  acids  :  and  might,  therefore,  be 
properly  called  red  marl.  Nearly  all  the  limestone  in  the  group 
is  highly  fetid ;  though  in  some  instances  this  passes  into  that  which 
is  bituminous ;  and  even  into  bituminous  marlite. 

It  should  be  recollected,  also,  that  this  formation  is  wanting  in 
gypsum  and  rock  salt ;  two  minerals  found  in  it  almost  universally  : 
though  as  mentioned  in  the  first  part  of  my  Report,  a  minute  quan- 
tity of  the  former  has  been  found  at  West  Springfield,  and  South 
Hadley.  I  have,  however,  compared  a  suite  of  specimens  from 
the  new  red  sandstone  containing  gypsum  in  Nova  Scotia,  with  a 
suite  from  the  Connecticut  valley,  and  with  the  exception  of  the  < 
limestones,  they  can  hardly  be  distinguished  from  one  another. 

•Geological  Manual,  p.  38B.     f  System  of  Geology,  Vol.  IL  p.  237. 
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Indeed,  why  may  we  not  suppose  gypsum  and  rcJck  salt  to  be  oc- 
casionally wanting  in  this  formation,  as  well  as  limestone  ? 

The   following  distinct  varieties  of  rock  compose  the  new  red 
sandstone  in  the  valley  of  the  Connecticut. 

1.   Conglomerates,     A  conglomerate,  composed  almost  entirely 
of  the  ruins  of  granite  and  mica  slate,  forms,  in  connection  with 
a  sandstone  of  similar  character,  all  the  lower  beds  of  this  forma* 
tion  ;  and  these  two  varieties  embrace  all  the  rock  in  Massachu- 
setts and  Connecticut,  that  has  usually  been  denominated  old  red 
sandstone.     The  two  varieties  pass  into  each  other  by  insensible 
gradationsj  and  even  the  finest  portion  of  the  sandstone  is  coarse. 
The  strata  are  from  one  to  two,  and  even  three  or  four  feet  thick  ; 
and  for  the  most  part,  the  slaty  structure  is  almost  entirely  wanting. 
The  prevailing  and  almost  uniform  color  of  the  rock  is  red  ;  and 
even  the  imbedded  nodules,  when  not  very  large  or  compact,  are 
penetrated  with  this  color.     Yet  where  this  rock  approaches  gran- 
ite and   mica  slate,   as   in   Bernardston,   Greenfield,   Deerfield, 
Whately,  and  Southampton,  it  is  somewhat  variegated ;  some  por- 
tions of  it  being  of  a  light  gray  color ;    as  if  a  heat  so  powerful 
had  been  applied  to  it,  as  partially  to  expel  the  iron,  or  change  it 
from  an  oxide  into  some  other  compound.     The  nodules  of  the 
conglomerate  are  sometimes  one  or  two  feet  in  diameter ;   but  for 
the  most  part,  they  are  only  a  few  inches  thick.     A  variety  oc- 
curs in  Bernardston,  Southampton,  &c.  (Nos.  135,  136,)  which 
can  hardly  be  distinguished  in  hand  specimens  from  granite ;   be- 
ing composed  of  fragments,  but  little  rounded,  of  quartz  and  feld- 
spar ;  the  latter  of  a  flesh  color.     Sometimes  the  nodules,  as  at 
Sugar  Loaf,  in  Deerfield,  are  graphic  granite,  which  is  often  quite 
beautiful ;  the  feldspar  being  of  a  lively  flesh  color. 

In  Greenfield  and  Bernardston,  near  the  junction  of  the  new 
red  sandstone  formation  with  the  argillo-micaceous  slate,  the  con- 
glomerate occurs,  composed  of  argillo-micaceous  slate  and  white 
quartz.  Tkis  was  obviously  derived  from  the  detritus  of  the  slate 
against  which  it  rests.  The  general  color  of  this  rock  is.  red ;  and 
even  the  mica  slate  on  which  it  reposes,  exhibits  the  same  color 
several  feet  from  the  junction.  (Nos.  137  to  139.) 

Another  variety  of  conglomerate,  which  is  found  only  in  con- 
nection with  the  upper  beds  of  the  new  red  sandstone,  is  of  a 
dark,  reddish  gray  color,  and  is  composed  of  fragments  of  mica 
slate,  talcpse  slate,  chlorite  slate,  hornblende  slate,  and  slaty  quartz 
rock,  with  occasional  nodules  of  quartz,  feldspar,  and  granite. 
The  cement  appears  to  be  the  same  materials  comminuted.  This 
is  the  coarsest  conglomerate  in  the  Connecticut  valley.  It  con- 
stitutes a  considerable  part  of  mount  Toby,  in  Sunderland,  where 
the  imbedded  nodules  are  sometimes  three  or  four  feet  in  diameter. 
It  extends  through  Montague,  and  at  the  mouth  of  Miller's  river, 
as  well  as  on  the  opposite  side  of  the  Connecticut  at  that  place. 
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it  may  be  examined  to  good  advantage.  South  of  Sunderland  I 
have  not  found  it^  except  at  Durham,  in  Connecticut.  Unless 
viewed  on  a  large  scale,  this  rock  scarcely  exhibits  any  stratifica- 
tion. The  strata  are  sometimes  eight  or  ten  feet  thick.  (Nos.  140 
to  143.) 

At  Turner's  falls  a  much  finer  and  more  compact  gray  conglom- 
erate exhibits  itself,  composed  of  the  same  materials  as  the  last, 
except  that  it  abounds  more  in  quartz  and  feldspar.  (No.  150.) 

A  reddish  conglomerate,  made  up  of  nearly  the  same  materials 
as  that  first  described,  (except  that  it  contains  more  slate,)  abounds 
among  the  lowest  of  the  upper  beds  of  this  formation.  (Nos.  144 
to  147.)  It  is  not  as  coarse  as  the  last,  and  the  strata  are  usually 
less  than  a  foot  thick.  It  is  common  in  mount  Toby  and  on  the 
east  side  of  mount  Holyoke,  in  Granby. 

Trap  conglofnerate  is  another  variety  of  no  small  interest.  It 
reposes  on  the  greenstone  on  the  east  side  of  mount  Tom  and 
Holyoke ;  and  consists  of  a  mixture  of  angular  and  rounded  masses 
of  trap  and  sandstone,  with  a  cement  of  the  same  materials.  The 
nodules  are  sometimes  one  or  two  feet  in  diameter,  and  the  strati- 
fication is  not  very  distinct.  I  do  not  doubt  but  the  same  rock 
may  be  found  on  the  east  side  of  nearly  all  the  greenstone  ranges 
in  the  Connecticut  valley.  Its  thickness  is  but  small,  and  its 
mode  of  production  obscure.  (Nos.  151,  152,  and  285.) 

2.  Sandstones.  The  lowest  and  most  abundant  sandstone  in 
this  formation  has  been  described  with  suflicient  minuteness,  in 
connection  with  the  conglomerate  with  which  it  occurs.  It  is 
used  somewhat  extensively  for  architectural  purposes.  (Nos.  154 
to  161.) 

A  sandstone,  which,  at  a  little  distance  resembles  that  just  de- 
scribed, is  found  among  the  upper  beds  of  this  formation  in  Long- 
meadow  and  Wilbrahara  ;  where  it  is  extensively  quarried.  It 
dififers,  however,  essentially  from  the  last  variety ;  being  composed 
chiefly  of  fine  siliceous  sand,  with  occasional  specks  of  mica,  ce- 
mented probably  by  the  red  oxide  of  iron :  for  its  color  is  almost 
blood  red.  Its  particles,  however,  do  not  cohere  strongly ;  and 
this  forms  the  only  objection  to  its  use  in  architecture.  The  ex- 
tensive quarries  in  Chfitham,  Ct.  are  opened  in  this  rock  ;  or  in  a 
variety  closely  allied  to  it.  Its  strata  are  thiqk  and  rarely  exhibit  a 
slaty  structure.  (Nos.  165,  166.) 

Gray  sandstone  is  not  uncommon  in  this  formation  ;  but  it  is 
ibund  chiefly  in  the  upper  part  of  the  series  ;  or  rather  in  the  vi- 
cinity of  trap  rocks ;  as  at  Turner's  falls,  and  on  both  sides  of 
Holyoke  and  Tom.  It  is  made  up  of  coarse  gray  sand — some- 
times of  comminuted  granite  entirely,  as  on  Holyoke — and  varies 
in  color  from  light  to  dark  gray.  In  some  localities,  as  in  Granby, 
the  strata  are  thick,  and  the  rock  is  scarcely  schistose  ;  it  is  there 
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used  ID  architecture.     In  other  places,  th^  strata  become  thin- 
ner.    On  the  banks   of  Westfield  river,  in   West  Springfield,  1 
noticed  a  variety   that  resembles  the  grindstones  brought  froai 
Nova  Scotia,  though  it  is  harder. 

Gray  micaceous  sandstone.  When  the  last  variety  takes  mica 
into  its  coipposition,  it  becomes  more,  easily  divisible  into  laminae  ; 
and  where  that  mineral  abounds,  it  is  very  fissile.  Some  specimens 
of  this  kind,  found  in  the  vicinity  of  trap  rocks,  can  hardly  be  dis- 
tinguished, in  hand  specimeqs,  from  mica  slate.  (Nos.  177, 178, 
1  i9.)  Gray  micaceous  sandstone  abounds  at  Turner's  falls,  On 
Mt.  Toby,  in  South  Hadley,  in  West  Springfield,  &;c. 

Variegated  sandstone.  This  is  composed  of  alternating  lami- 
nae of  light  and  dark  red  sandstone,  usually  somewhat  micaceous. 
The  layers  are  not  very  evenly  arranged ;  so  that  their  edges 
present  rather  a  fantastic  appearance.  I  have  scarcely  met  with 
fhis  rock  except  on  the  banks  of  Westfield  river,  half  a  mile  west 
pf  the  village  of  West  Springfield ;  where  the  characteristics  of 
the  new  red  sandstone  are  more  fully  developed  than  any  where 
else  in  the  valley  of  the  Connecticut.  The  variegated  sandstone 
there  forms  thick  and  workable  strata. 

Brecciated  sandstone.  This  is  composed  of  fragments  of  mi- 
caceous sandstone,  which  seem  to  have  been  partially  fused  and 
then  reunited.  It  is  almost  as  hard  as  siliceous  slate.  It  is  found 
about  a  mile  east  of  Turner's  falls,  on  both  banks  of  Connecticut 
pver,  forming  a  stratum  some  20  feet  wide.  The  stratification 
and  schistose  structure  are  very  obscure  :  but  on  the  north  shore, 
|he  layers  have  evidently  been  forced  upwards,  so  as  to  give  them 
somewhat  of  a  spheroidal  form.  I  hence  infer  that  a  mass  of  un- 
stratified  rocks,  probably  greenstone,  lies  beneath  the  sandstone  at 
DO  great  depth ;  and  Uiat  whep  this  was  forced  upwards  in  a  melt- 
ed state,  it  partially  fused  the  sandstone.  (No.  174.) 

Red  micaceous  sandstone  is  not  unfrequently  a  member  of  this 
formation.  The  grain  is  usually  fine,  and  indeed,  it  commonly  ap- 
proaches very  near  to  shale,  into  which  it  passes :  yet  much  of  it 
is  too  coarse  and  contains  too  much  siliceous  matter  to  be  called 
shale.  It  is  very  common  along  the  east  side  of  our  greenstone 
bridges,  as  at  Turner's  falls  and  in  West  Springfield.  It  is  quite  re- 
markable for  being  divided  into  rhomboidal  masses,  by  one  or  two 
sets  of  parallel  seams.  On  the  north  bank  of  Westfield  river,  in 
West  Springfield,  this  division  is  remarkably  distinct,  and  the  sur- 
face of  the  rock  presents  an  interesting  chequered  aspect.  The 
tame  is  the  case  in  the  northeast  part  of  Greenfield,  just  below 
Turner's  falls.  (Nos.  191,  192.) 

.  3.  Shales.  (Nos.  199  to  204.)  Under  this  term  I  include  all 
the  varieties  of  ai^illaccQus  slate,  sometimes  called  slate  clay, 
found  ia  connection  with  the  secpndary  ioclj:s.    And  in  Massachu- 
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setts  such  slate  occurs  only  as  a  member  of  the  new  red  sandstone 
series :  of  that  formation  it  constitutes  a  very  Important  part.  Its 
colors  are  gray,  red^  and  black  ;  and  in  hardness  it  varies  from  that 
of  tender  schistose  marls,  to  a  degree  of  induration  approaching  thaf 
of  siliceous  slate.  The  red  variety  is  most  abundant :  especially 
in  the  region  of  Enfield  and  Hartford,  in  Connecticut.  Some- 
times it  takes  mica  and  sand  into  its  composition,  and  then  passes 
into  the  red  micaceous  sandstone,  as  already  remarked.  When 
black,  it  is  generaUy  bituminous,  as  at  Sunderland,  and  at  Middle- 
town,  Connecticut ;  where  are  found  upon  it  the  impressions  of 
fish  and  vegetables.  Some  of  the  black  colored  slate,  as  at  Tur- 
ner's falls,  splits  into  irregular,  somewhat  weged  shape  pieces ; 
and  indeedj^easily  disintegrates  and  falls  to  pieces :  when  it  resem- 
bles comminuted  coal.  It  frequently  contains  sulphuret  of  iron  ; 
which  by  decomposition,  causes  the  slate  to  exfoliate :  in  some 
places,  also,  as  at  Turner's  falls,  and  on  Chicopee  and  Westfield 
rivers,  this  shale  abounds  in  nodules  of  argillaceous  iron  ore,  of  a 
poor  quality.  Some  of  the  black  non-bituminous  shale  of  this 
formation,  has  almost  lost  its  slaty  structure  in  the  process  of  in- 
duration. Thin  pieces  of  it  give  a  ringing  sound  when  struck. 
This  variety  abounds  in  the  vicinity  of  Turner's  falls  :  as,  indeed 
pearly  every  other  variety  does.  There  we  find  a  gray  variety, 
which  is  so  soft  tha;  it  may  be  impressed  by  the  finger  nail. 

If  it  were  possible  to  doubt  that  the  new  red  sandstone  formation 
was  deposited  from  water,  the  surface  of  some  of  the  layers  of  this 
shale  would  settle  the  question  demonstrably.  For  it  exhibits  pre- 
cisely those  gentle  undulations,  which  the  loamy  bottom  of  every 
river  with  a  moderate  current,  presents.  (No.  198.)  But  such  a 
surface  could  never  have  been  formed  while  the  layers  had  that 
high  inclination  to  the  horizon,  which  many  of  them  now  present : 
so  that  we  have  here,  also,  decisive  evidence  that  they  have  been 
elevated  subsequent  to  their  deposition. 

On  Westfield  river,  in  West  Springfield,  both  the  red  and  black 
shales  are  traversed  by  numerous  veins  of  satin  spar ;  itself  often 
of  a  reddish  hue.  They  are  rarely  more  than  an  inch  wide,  buf 
often  several  feet  long ;  and  run  uniformly  across  the  laminae  of 
the  slate. 

In  the  same  place  the  black  shale,  as  well  as  the  bituminous 
marlite,  and  some  varieties  of  slaty  sandstone,  contain  masses  of 
septarja,  or  the  Ludus  Hdmontii,  They  vary  in  size  from  an  inch 
to  5  or  6  inches  in  diameter,  and  are  usually  flattened  or  reniform. 
The  envelope  appears  to  be  argUlo-ferruginous  as  well  as  calcare- 
ous; and  the  cavities  are  lined,  and  sometimes  filled,  by  white  cal- 
careous spar.  The  interior  is  divided  into  irregular  masses,  or 
sometimes  into  polygonal  prisms. 

The  hypothesis  which  imputes  the  cavernous  structure  of  these 
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argillo-calcareous  masses  to  desiccation,  and  their  subsequent  filling 
up  to  the  infiltration  of  carbonate  of  lime  in  a  state  of  solution, 
seems  to  me  liable  to  few  objections  ;  and,  indeed,  is  quite  satisfac- 
tory. But  I  have  already  given  it  somewhat  in  detail,  when 
speaking  of  columnar  argillaceous  iron  ore. 

4.  Limestones,  (Nos.  205  to  216.)  When  the  black  bitu- 
minous shale,  that  has  been  described,  takes  into  its  composition 
enough  of  calcareous  matter  to  produce  efifervescence  with,  acids, 
it  becomes  bituminous  marlite.  It  is  not  very  common  in  this 
sandstone  formation.  Yet  one  finds  it  in  considerable  quantity  on 
the  banks  of  Westfield  river,  in  West  Springfield ;  and  I  have 
ascertained  that  the  stratum  of  slate  in  Sunderland,  which  contains 
the  best  preserved  relics  of  fish,  is  bituminous  marlite*  Although 
this  rock  contains  but  a  small  proportion  of  calcareous  matter,  yet 
it  certainly  does  not  deserve  to  be  described  as  a  distinct  rock ; 
and  it  may  be  conveniently  mentioned  under  the  head  of  lime- 
stones. X 

Strongly  fetid  limestone  occurs,  interstratified  with  the  micace- 
ous sandstones  of  this  formation,  at  two  places  in  the  northwest 
part  of  West  Springfield.  At  the  most  northern  locality,  I  no- 
ticed only  a  single  bed  about  ten  feet  thick :  but  two  miles  south 
from  that  spot,  .several  beds,  not  far  apart,  may  be  seen,  associated 
with  greenstone,  as  well  as  sandstone.  The  rock  at  both  places 
is  of  a  dark  gray  color  and  nearly  compact.  Its  fetid  odor  when 
struck,  is  exceedingly  strong,  so  as  even  to  produce  nausea.  It  is 
wrought  to  some  extent  for  water  proof  cement,  and  it  answers 
well.  (Nos.  213  to  215.) 

I  doubt  whether  much  genuine  bituminous  limestone  exists  in 
the  new  red  sandstone  in  Massachusetts.  Yet  when  the  bitumin- 
ous marlite  takes  a  large  quantity  of  lime  into  its  composition,  it 
becomes  bituminous  limestone ;  and  perhaps  some  of  this  variety^ 
may  be  found  in  West  Springfield.  It  is  also  said  to  occur  in 
Southington  and  Middletown,  Ct. :  and  the  fetid  limestone,  also, 
(all  of  them  connected  with  the  new  red  sandstone,)  in  North- 
ford,  Ct. 

At  Turner's  falls,  on  the  north  shore,  I  found,  a  few  years  ago, 
a  stratum  of  coarse  argillaceous  limestone,  a  foot  thick,  which  was 
neither  bituminous  nor  fetid  :  but  the  subsequent  removal  of  the 
dam  over  Connecticut  river,  has  covered  the  spot  beneath  the 
waters. 

On  the  banks  of  Westfield  river,  in  West  Springfield,  we  find' 
layers  of  what  appears  to  be  an  argillo-ferruginous  limestone,  in- 
terstratified with  the  slate,  and  only  a  few  inches  thick.  Where 
the  water  has  laid  bare  this  rock,  it  sometimes  presents  the  whole 
surface  divided  into  small  prisms  of  only  a  few  inches  in  diameter 
and  length,  whose  axes  are  perpendicular  to  the  planes  of  the 
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strata.  Tbey  have  four  or  more  sides,  though  irregular,  and  their 
sides  do  not  touch.  Tbey  appear  to  have  resulted  from  the  same 
cause  as  the  septaria  already  described ;  and  I  doubt  not  that  both 
theseptaria  and  these  layers  of  argillo-ferruginous  limestone,  might 
be  employed,  as  the  former  is  in  Europe,  for  the  preparation  of 
valuable  Roman  cement. 

From  this  sketch  of  the  mineralogical  characters  of  this  group 
of  rocks,  it  will  be  easy  to  distinguish  betweeq  the  lower  beds, ' 
which  have  heretofore  been  considered  as  the  old  red  sandstone, 
and  the  upper  ones,  which  have  been  called  a  coal  formation. 
The  lower  beds  are  distinctly  stratified,  but  rarely  slaty  ;  whereas 
the  upper  ones  are  usually  so ;  although  some  varieties  of  con- 
glomerate, scarcely  exhibit  any  marks  even  of  stratification.  In 
the  lower  beds  is  no  shale.  Their  color  is  almost  uniformly  some 
shade  of  red :  but  as  already  shown,  the  upper  beds  are  of  various 
colors  and  shale  is  abundant. 

The  greater  abundance  of  granite  nodules  in  the  conglomerate 
of  the  lower  beds  of  this  formation,  than  in  that  of  the  higher, 
has  led  some  geologists  to  regard  them  as  belonging  to  distinct 
formations. 

But  as  a  general  principle,  it  will  not  answer  to  conclude  that 
conglomerate  to  be  the  oldest  rock,  which  contains  rounded  masses 
of  granite.  For  a  deposite  of  granite  might  be  so  situated,  that  an 
abrading  current  would  tear  off  large  quantities  of  it,  while  much 
later  rocks  might  flank  its  sides  in  such  a  manner  as  to  be  almost 
entirely  protected  from  the  water.  The  recomposed  rock  hence 
resulting  would  therefore  contain  granite  nodules  chiefly*  Whereas 
it  might  be  that  the  more  recent  rock  above  spoken  of,  once  covered 
the  granite  and  was  worn  away  by  an  agency  that  could  not  touch 
the  granite.  Hence  the  earlier  mechanical  rock  thus  produced 
would  consist  chiefly  of  fragments  of  the  schists.  Besides,  geolo- 
gists DOW  generally  admit  that  granite  is  a  later  rock' than  most  of 
the  primary  ones ;  and  sometimes  even  of  the  same  age  as  the 
highest  of  the  secondary ;  since  there  is  evidence  that  it  has  been 
protruded  through  the  chalk  :  and  finally,  in  the  present  instance, 
some  of  the  lowest  beds  of  the  sandstone  under  consideration,  are 
composed  of  fragments  of  the  latest  of  the  primary  stratified  rocks 
in  the  region  ;  as  in  Bemardston  and  Greenfield,  where  the  con- 
glomerate is  made  up  chiefly  of  argillo-micaceous  slate. 

Extensive  ranges  of  greenstone  are  connected  with  the  sand- 
stone of  the  Connecticut  valley.  But  I  need  spend  no  time  in 
the  present  state  of  geological  science,  to  show  that  trap  rock 
cannot  be  a  member  of  the  sandstone  formation,  and  that  it  was 
subsequently  introduced.  Its  characters  and  relative  position  will 
be  described  when  I  come  to  speak  of  the  unstratified  rocks. 
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Topography  of  this  Formation. 

With  a  single  exception,  all  the  new  red  sandstone  hitherto 
described  in  New  England,  lies  in  that  part  of  the  valley  of  Con- 
necticut river,  which  extends  from  N^w  Haven  to  the  north  line 
of  Massachusetts :  and  in  this  State  none  is  found  out  of  that 
valley.  An  inspection  of  the  accompanying  Map,  which  marks 
'  out  ihis  valley,  (Plate  XV.)  will  convey  a  definite  idea  of  the 
space  covered  by  this  formation.  For  the  hills  which  are  there 
represented  as  bounding  the  valley,  commence' on  the  outer  edge 
of  the  sandstone.  All  the  included  space  is  sandstone,  except 
those  ranges  of  bills  which  are  draWn  within^  the  valley,  which  are 
greenstode. 

The  single  exception  above  referred  to,  embraces  a  valley  10 
or  12  miles  long,  extending  from  Woodbury  to  Southbury,  in 
Connecticut,  along  a  branch  of  the  Housatonic  river.  There  we 
find  the  same  varieties  of  sandstone,  accompanied  by  analogous 
greenstone,  as  in  the  valley  of  the  Connecticut.  The  two  valleys 
are  separated  by  a  high  ridge  of  primary  rocks,  through  which 
they  have  no  lateral  communication.  We  hence  learn  that  the 
causes  which  produced  the  new  red  sandstone  group  and  the  in- 
truded trap,  were  not  local  in  their  operation.  In  New  York,  also, 
according  to  Prof.  Eaton,*  this  formation  commences  near  Utica, 
and  extends  360  miles  in  length.  East  of  New  England,  no  new 
red  sandstone  has  been  found  nearer  than  Nova  Scotia,  where  it 
abounds  in  gypsum.  From  the  able  description  of  this  rock  by 
Messrs.  Jackson  and  Alger,  and  from  specimens  furnished  me  by 
this  latter  gentleman,  I  infer  a  greater  resemblance  between  the 
Nova  Scotia  and  New  England  group,  than  between  the  latter 
and  that  in  New  York,  and  those  farther  west :  although  of  the 
last  named  I  have  as  yet  only  few  specimens. 

As  the  general  direction  of  the  strata  of  the  new  red  sandstone 
in  the  valley  of  the  Connecticut  is  north  and  south,  and  the  dip 
easterly,  it  will  follow  that  the  lower  beds  of  the  group  must 
occupy  the  western  part  of  that  valley.  And  I  have  already  re- 
marked that  the  greenstone  ridges  generally  separate  the  upper 
from  the  lower  beds.  In  Gill,  Greenfield,  and  on  Mount  Holyoke, 
however,  the  observer  will  see  schistose  sandstones  cropping  out 
beneath  the  greenstone ;  though  in  receding  westerly  from  the 
greenstone,  he  will  find  the  slaty  character  of  the  rock  soon  to 
disappear. 

In  the  central  parts  of  the  Connecticut  valley,  from  South  Had- 
ley  nearly  to  Middletown,  the  shales  and  finer  sandstones  prevail 
almost  exclusively  ;  so  that  in  excavating  15,000  cubic  yards  of 

*  Survey  of  the  Erie  Canal,  p.  103. 
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stone  at  Enfield  Falls,  not  a  pebble  as  large  as  an  tcom  was  ob* 
served.  *  The  prevailing  Color  of  the  slate  in  that  region  is  dull 
red  or  chocolate ;  and  being  easilj  decomposed^  it  imparts  a  like 
hue  to  the  soil.  If  we  suppose^  what  I  have  always  observed  to 
be  true,  that  the  prevailing  dip  of  the  strata  through  the  whole 
valley  is  easterly,  we  cannot  admit,  as  some  have  maintained,  that 
these  finer  strata  were  originally  deposited  in  its  central  parts, 
and  the  coarser  materials  on  its  borders,  for  then  the  finer  strata 
must  dip  on  both  sides  of  the  valley  towards  its  centre,  or  remain 
horizontal ;  and  they  could  not  dip  under  the  coarser  layers  on 
the  east  side,  as  they  now  do.  We  ought  probably  rather  to  infer, 
that  the  b^faer  and  coarser  strata  have  been  worn  away  from  the 
central  portion  of  the  valley,  because  they  would  there  be  more 
exposed  to  abrading  agents. 

The  coarser  and  the  finer  beds  do  not,  however,  in  all  cases, 
occupy  separate  portions  of  the  valley  exclusively  ;  but  in  many 
places  they  are  interstratified  in  almost  endless  variety.  The 
section  laid  bare  by  the  Connecticut,  for  three  miles  above,  and 
nearly  a  mile  below  Turner's  Falls,  of  which  a  sketch  will  be 
given  in  treating  of  greenstone,  presents  a  good  example  for  ex- 
amination. The  coarser  varieties,  however,  are  not  so  abundant 
there,  as  at  Mount  Toby  in  Sunderland.  On  the  west  side  of 
Connecticut  river,  opposite  Sunderland,  Deerfield  mountain  ex- 
hibits nearly  every  variety  of  the  lower  beds  of  the  formation. 
Let  the  observer  pass  to  the  east  bank  of  tbe  river  at  Whitmore's 
ferrj,  three  miles  north  of  Sunderland  village,  and  he  will  land 
upon  a  ledge  of  the  coarsest  conglomerate  that  has  just  been  de- 
scribed. Lying  directly  above  this,  and  dipping  a  few  degrees 
easterly,  as  do  all  the  strata  of  Mount  Toby,  he  will  find  tbe 
black  bituminous  shale  containing  impressions  of  fish ;  10  feet 
thick.  Immediately  above  this  succeeds  a  coarse  conglomerate,^ 
scarcely  differing  from  that  beneath,  and  forming  a  mass  200  or 
300  feet  thick.  Proceeding  southeasterly  to  the  top  of  Toby, 
not  less  than  900  feet  above  tbe  river,  he  will  find  numerous  al- 
ternations of  the  coarsest  conglomerates  with  the  finest  red  and 
grey  sandstones ;  or  rather  shales.  And  tbe  passage  from  one 
variety  to  the  other  is  not  in  general  gradual,  but  sudden  ;  so  that 
the  line  between  the  finest  and  coarsest  materials  is  well  marked. 

It  is  very  obvious,  in  such  cases,  that  the  finer  layers  of  tbe 
rock  must  have  been  deposited  in  still  waters,  and  the  coarser 
materials  have  been  the  result  of  powerful  abrading  currents. 
And  I  know  not  a  more  difficult  point  in  the  theory  of  the  earth, 
than  to  explain  tbe  cause  of  so  many  and  so  sudden  changes  from 
JDOtioo  to  rest  and  from  rest  to  motion,  in  tbe  waters  in  which  such 

*Mr.  A.  SttiitboatheConaecticat  valley,  Am.  Jour.  Science,  Vol.  XXII.  p.^D. 
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rocks  were  formed.  The  facts  might  perhaps  be  explained  by 
supposing  these  deposites  to  have  resulted  from  the  Jong  continued 
action  of  a  river,  carrying  into  the  bottom  of  a  lake  or  the  ocean, 
coarser  materials  during  its  floods,  and  the  finer  sediment  at  low 
water.  But  the  different  nature  of  the  materials  composing  suc- 
cessive layers  of  the  conglomerate  strata,  show  that  the  current 
must  have  swept  over  and  torn  up  various  rocks  at  different  times ; 
and  consequently  must  have  come  from  various  direcUons  at  suc- 
cessive periods  :  except  perhaps  in  those  rare  cases,  where  it  wore 
away  the  higher  formations  entirely.  Now  we  cannot  conceive 
bow  any  river  should  be  made  to  pass  over  rocks  so  different  as 
we  find  in  the  alternating  beds  of  mount  Toby,  at  different  periods  : 
it  would  require  alterations  io  its  bed,  almost  without  number. 

There  is,  however,  one  other  mode  of  accounting  for  the 
facts  in  this  case,  which  may  perhaps  be  thought  more  satisfactory. 
It  seems  to  be  proved  beyond  all  reasonable  doubt,  that  the  vari- 
ous mountain  chains  on  the  globe  were  elevated  firom  the  bottom 
of  the  ocean  at  various  epochs,  in  the  earlier  times  of  our  planet. 
And  generally  these  elevations  took  place  suddenly.  Now  the  in- 
evitable effect  of  such  a  protrusion  of  a  huge  mountain  ridge,  would 
be  to  produce  a  wave  in  the  ocean,  which  would  overwhelm  the 
globe.  This  wave,  flowing  in  every  direction  from  the  centre  of 
disturbance,  would  attain  its  greatest  elevation  in  the  antipodes  of 
that  centre :  and  then  there  would  succeed  a  reflux  wave.  Nor 
would  the  waters  settle  into  repose,  until  several  mighty  flood  and 
ebb  tides  had  succeeded.  Now  a  moment's  reflection  will  convince 
any  one,  that  while  this  wave  was  rising  and  falling,  it  would  rush 
over  any  particular  region  in  strong  currents ;  but  when  at  its 
maximum  and  minimum  elevation,  the  water,  for  a  considerable 
time,  would  be  nearly  calm.  Consequently,  during  the  former 
periods  we  should  expect  the  materials  of  the  rocks  deposited 
would  be  coarse:  and  fine  during  the  latter  period.  And  as 
mountains  were  raised  in  different  parts  of  the  globe,  the  currents 
would  proceed  from  various  centres,  and  thus  sweep  into  the  same 
basin  the  fragments  of  different  rocks.  Such  powerful  convulsions 
could  not  have  taken  place  on  the  globe  since  man  was  placed  upon 
it ;  and  it  is  probable  that  the  new  red  sandstone  was  deposited 
prior  to  his  creation,  while  the  earth  was  yet  ^  without  form  and 
void, '  that  is,  a  desert  and  unfurnished  waste. 

Dtp,  Direction,  and  Thickness  of  the  Strata. 

Although  subject  to  local  variation  from  local  causes,  yet  the 
general  dip  and  direction  of  the  strata  of  this  formation  are  quite 
obvious.  The  direction  is  not  far  from  north  an  south,  and  the  dip 
easterly  at  an  angle  from  10<*  to  20^.  Fifteen  degrees  is  probably 
about  the  medium  dip  :  and  I  suspect  the  prevailing  direction  to 
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be  a  few  degrees  e^st  of  north.  Id  particular  places,  however, 
the  dip  is  found  at  all  angles,  from  (f  to  80^.  This  is  remarkably 
the  case  in  the  vicinity  of  Turner's  falls ;  as  may  be  seen  on  the 
section  of  that  place  to  be  given  farther  on.  This  extraordinary 
dip,  however,  appears  to  be  easily  explicable  from  the  proximity 
of  greenstone  and  granite ;  as  I  shall  attempt  to  show  when  I  come 
to  treat  of  those  rocks.  Near  the  eastern  extremity  of  Mount 
Holyoke,  also,  these  rocks  mount  up  on  the  ridge  of  greenstone 
at  an  angle  of  55^  or  G(f.  Here  too  the  direction  of  the  basset 
edges  is  about  northeast  and  southwest.  The  presence  of  green- 
stone in  this  case,  also,  as  I  shall  attempt  to  show,  will  explain 
these  anomalies.  In  the  West  part  of  Westfield,  and  near  the 
centre  of  Hatfield,  the  lower  beds  of  this  formation  have  a  dip  to 
the  west  of  about  10^  The  same  is  also  the  case  in  Bemardston. 
In  the  north  part  of  Hadley,  I  have  observed  strata  running  nearly 
east  and  west,  and  dipping  lOo  north.  The  probable  presence  of 
granite  at  no  great  depth  in  all  these  cases  will  readily  account  for 
these  exceptions. 

Although  the  new  red  sandstone  must  come  in  contact  with  the 
primary  Tocks  on  both  borders  of  the  Connecticut  valley,  yet  I  have 
discovered  the  actual  junction  only  in  one  spot.  Haifa  mile  south 
of  the  '  Glen, '  or  Gorge,  in  Leyden,  near  a  saw  mill,  the  peculiar 
conglomerate  made  up  of  ai^illo-micaceous  slate  and  quartz,  re- 
poses upon  that  slate,  and  has  a  dip  to  the  south  from  20o  to  30o ; 
while  the  slate  is  nearly  perpendicular,  and  the  course  of  its  edges 
nearly  north  and  south.  Admitting  the  elevation  of  the  slate  sub- 
sequent to  the  deposition  of  the  sandstone,  the  southern  slope  of 
the  edees  of  the  former  in  Leyden,  will  explain  the  southern  dip 
of  the  latter  at  this  place. 

The  following  are  the  dip  and  direction  of  the  new  red  sandstone 
in  several  places  in  Massachusetts,  where  it  does  not  seem  to  have 
been  subject  to  local  deviations. 

Between  West  Springfield,  and  Westfield,  along  Westfield  river, 
east  of  the  greenstone ;  direction,  north  and  south;  dip,  15^  to 
'^  east. 

Mount  Tom,  beneath  the  greenstone ;  direction,  north  and  south  ; 
dip,  15**  to  20''  east. 

Most  northerly  lime  quarry,  West  Springfield :  direction  north 
and  south  ;  dip,  15^  east. 

Rock  Ferry,  (S.  Hadley,  at  Titan's  Pier) ;  direction,  nearly 
north  and  south  :  dip,  20^  east. 

Sunderland  ;  direction,  generally  north  and  south :  dip,  between 
10^  and  15^  east.  At  Whitmore's  Ferry,  however,  the  stratum 
containing  the  ichtbyolites,  is  nearly  horizontal ;  but  this  is  over- 
laid by  sandstone,  dipping  east  from  5^  to  10°. 

Deerfield;  (Sugar  Loaf  and  Deerfield  mountain;)  direction, 
north  and  south ;  dip,  lO""  to  15°  east. 
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Do.  at  Hoyt's  quarries,  in  the  west  part  of  the  town ;  dip,  ISo 
to  20°  east. 

Greenfield  ;  near  the  village  ;  dip,  20^  to  30o  east. 

Other  localities  might  be  cited,  but  it  seems  unnecessary.  Jt 
ought,  however,  to  be  mentioned,  that  as  we  go  south  into  Con- 
necticut, where  the  breadth  of  this  formation  increases,  we  find 
ihe  dip  to  decrease  ;  so  as  in  many  places  to  be  almost  notbing. 
In  the  vicinity  of  unstratified  rocks,  however,  it  presents  much  ir- 
regularity. 

As  to  the  thickness  of  the  formation  under  consideration,  we 
have  not  sufficient  data  for  formbg  a  very  definite  opinion.  Per- 
haps, however,  we  may  obtain  a  proximate  estimate,  by  examin- 
ing an  east  and  west  section  of  the  formation,  across  the  south  part 
of  Deerfield  mountain,  and  the  centre  of  mount  Toby.  The  fol- 
lowing sketch  is  not  intended  to  be  precisely  accurate ;  but  only 
to  give  a  general  idea  of  the  relative  situation  of  the  two  moun- 
tains and  the  intervening  valley,  with  the  valleys  between  them  and 
the  primary  rocks  on  the  east  and  west.  There  must  always  be 
AS  is  well  known,  more  or  less  of  distortion  and  want  of  proix>rtion 
b  sections  of  this  kind,  where  the  horizontal  scale  must  be  much 
smaller  than  the  perpendicular  one.  In  the  present  case,  in  order 
to  exhibit  the  proper  (lip  of  the  strata,  the  valley  through  which 
the  Connecticut  flows,  is  represented  too  wide. 


..^ 


It  will  be  seen  by  thb  section,  that  the  strata,  both  in  Deer- 
field  mountain  and  mount  Toby,  as  well  as  in  the  valleys, 
have  the  medium  easterly  dip  of  the  formation  ;  that  is  about 
16**,  though  on  a  considerable  part  of  mount  Toby,  it  is  hardly 
10*.  Two  or  three  hundred  feet  above  the  river,  on  the  east 
side,  may  be  seen  a  mass  of  greenstone :  which,  so  far  as  I  can 
ascertain,  constitutes  a  dyke  or  bed  in  the  sandstone,  and 
divides    the    upper    part  of   the   formation    from    the  lower: 
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the  characters  of  the  two  groups,  being  considerably  different. 
Deerfield  mountain,  in  its  southern  part,  consists  entirely  of 
the  lower  beds;  and  the  ^strata  on  the  opposite  side  of  the 
river  beneath  the  greenstone,  correspond  in  dip  and  general 
characters  with  those  of  this  mountain.  Mount  Toby  is  prob- 
ably not  far  from  1000  feet  above  the  river,  and  Deerfield 
mountain  varies  from  500  to  700.  These  are  much  the  most  ele- 
vated points  of  the  new  red  sandstone  in  the  valley  of  the  Con« 
necticut :  and  the  enquiry  immediately  suggests  itself  to  the  geol- 
ogist, whether  the  formation  was  originally  of  this  height  through- 
out its  whole  extent,  and  has' been  subsequently  worn  away,  except 
these  ridges :  or  whether  these  have  been  raised  so  much  above 
the  general  level  by  a  force  acting  beneath..  The  latter  supposi- 
tion would  seem  most  probable,  were  it  not  for  the  proof  exhibi- 
ted by  the  above  section,  that  no  peculiar  disturbing  force  has  ac- 
ted on  these  mountains.  Had  that  been  the  case,  either  their  strata 
would  exhibit  a  different  dip  firom  the  formation  generally,  or  they 
would  not  correspond  on  opposite  sides  of  the  river.  It  seems  to 
me  perfectly  obvious,  after  inspecting  both  these  mountains,  that 
almost  the  only  change  their  strata  have  undergone,  was  their 
original  elevation  about  l(P  to  15o,  along  with  every  part  of  the 
formation.  And  hence  we  are  compelled  to  Suppose,  that  the  top 
of  mount  Toby  exhibits  nearly-  the  original  elevation  of  the 
whole  formation.  For  the  idea  that  such  insulated  peaks  and  ridg- 
es, as  those  under  consideration,  were  deposited  in  the  insulated 
and  inclined  position  which  they  now  occupy  is  perfectly  absurd. 
Further  we  must  suppose  that  the  strata  of  mount  Toby  originally 
extended  to  the  top  of  Deerfield  mountain  ;  as  is  represented  by 
the  dotted  line  ^  C  in  the  section.  Nay,  on  this  suppositon,  all 
the  strata  of  both  mountains  may  have  extended  to  the  western  side 
of  the  valley,  as  at  .^. 

The  immense  period  requisite  to  wear  away  such  a  mass  of  rock 
as  this  theory  supposes  to  have  once  occupied  the  whole  valley  of 
the  Connecticut,  will  seem  to  most  minds  the  strongest  objection 
against  its  adoption :  I  mean  supposing  it  to  have  been  effected  by 
such  causes  as  are  operating  at  present.  But  this  is  not  a  solitary 
example,  in  which  geological  phenomena  indicate  the  operation  of 
existing  causes  through  periods  of  duration,  inconceivably  long. 
.We  may  in  this  case,  indeed,  as  I  have  already  shown,  suppose 
the  occurrence  of  numerous  deluges  in  the  earlier  periods  of  our 
globe.  Still,  even  with  the  aid  of  such  catastrophes,  the  work 
roust  have  been  immensely  protracted.  And  why  should  we  hes- 
itate to  admit  the  existence  of  our  globe  through  periods  as  long 
as  geological  researches  require  ;  since  the  sacred  record  does  not 
declare  the  time  of  its  original  creation  :  and  since  such  a  view  of 
its  antiquity  enlarges  our  ideas  of  the  operations  of  the  Deity  in 
respect  to  duration,  as  much  as  astronomy  does  in  regard  to  space  ? 
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Instead  of  briDging  us  into  collision  with  Moses,  it  seems  to  me 
that  geology  furnishes  us  with  some  of  the  grandest  conceptions  of 
the  Divine  Attributes  and  plans  to  be  found  in  the  whole  circle  of 
human  knowledge. 

The  objection  of  a  writer  in  the  American  Journal  of  Science,* 
that  such  a  height  of  waters  as  would  deposite  mount  Toby,  must 
have  produced  a  lake  nearly  to  the  upper  part  of  New  Hampshire, 
in  the  Connecticut  valley,  and  thus  have  caused  the  same  simdstone 
to  be  produced  higher  up  that  valley  than  Northfield,  loses  its  force, 
when  it  is  recollected  that  this  formation  was  deposited  before  its 
strata  were  elevated.  For  the  elevating  force  undoubtedly  changed 
the  relative  level  of  different  parts  of  the  country.  In  this  case, 
the  disturbing  force  must  have  acted  beneath  the  primary  rocks. 
And  besides,  we  have  good  evidence,  which  will  be  shown  bj  and 
by,  that  our  new  red  sandstone  was  formed  beneath  the  ocean. 
We  cannot  then  reason  on  this  subject  from  present  levels. 

If  the  preceding  statements  and  reasonings  be  correct,  in  order 
to  ascertain  the  actual  thickness  of  the  new  red  sandstone  strata 
in  the  Connecticut  valley,  above  the  river,  we  must  add  the  height 
of  mount  Toby  above  the  strata  seam  EH,  to  the  height  of  Deer- 
field  mountain  :  that  is,  B  Eto  E  S=C  N,  It  certainly  will  not 
exceed  the  truth  to  call  B  E  800  feet,  and  E  S  400=1200,  the 
thickness  of  the  strata  above  the  bed  of  the  Connecticut.  In  no 
place  that  I  know  of  has  this  river  cut  through  the  sandstone  :  and 
hence  we  are  almost  entirely  destitute  of  means  of  ascertaining 
the  thickness  of  the  strata  beneath  the  river.  If  the  primary  strata 
have  the  same  slope  beneath  the  sandstone,  as  above  it,  this  rock 
cannot  be  less  than  1000  to  2000  feet  thick,  beneath  the  river,  or 
N  D.  But  this  is  little  better  than  conjecture :  both  because  the 
slope  of  the  primary  strata  is  very  unequal  in  different  places,  and 
because  probably  the  surface  beneath  the  sandstone,  is  as  uneven 
as  it  is  in  other  primary  valleys :  which  is  evinced  by  the  curved 
structure  of  the  sandstone  strata  in  some  places. 

In  the  second  part  of  my  Report  I  have  described  the  cave  and 
fissure  in  Sunderland,  as  having  been  produced  by  the  wearing 
away  of  the  inferior  schistose  strata,  probably  by  water.  There 
is  another  fact  which  the  observer  will  notice  in  various  places  on  * 
the  western  declivity  of  Toby.  The  thick  sandstone  and  con* 
glomerate  strata  are  often  arranged  in  steps  or  terraces  of  great 
height  and  thickness.  At  first  view  the  mountain  would  seem  to 
to  have  been  elevated  by  successive  throes  of  some  internal 
force ;  each  paroxysm  throwing  up  the  central  part  of  the  moun- 
tain higher,  and  higher,  so  as  to  produce  these  ofisets.  But  there 
is  too  much  regularity  in  the  stratification  to  admit  of  such  a  sup- 
position.     I  should  rather  impute  this  terraced  structure  to  the 
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action  of  those  currents  of  water,  which  have  excavated  the  val- 
ley of  tbe  Connecticut.  The  rock  exhibits  occasionally  cross 
seams  of  stratification,  nearly  at  right  angles  to  the  surface  of  tbe 
layers :  bence  currents  of  water,  frosts,  be.  would  remove  suc- 
cessive portions  as  wide  as  these  cross  strata.  On  some  of  the 
terraces  huge  masses  of  the  rock  yet  remain,  raised  from  their 
ori^oal  bed  and  irregularly  mixed,  bat  not  far  removed. 

It  will  be  seen  on  the  accompanying  geological  Map,  that  the 
greenstone  ridge  which  is  marked  in  Sunderland,  crosses  the  Con- 
necticut in  the  north  part  of  that  town  and  then  lorms  its  western 
shore  as  far  north  as  Gill.  The  section  that  has  just  been  given 
crosses  the  Connecticut  a  little  south  of  the  place  where  the  green- 
stone crosses  the  riyer  ;  and  consequently  the  greenstone  is  rep- 
resented as  on  the  east  side  of  the  river  with  the  sandstone  beneath 
and  above  it.  But  north  of  the  place  where  the  greenstone 
crosses  the  river,  through  the  whole  extent  of  Montague  and 
Deerfield,  the  following  section  represents  the  relative  situation  of 
the  two  rocks. 


Now  I  cannot  but  regard  this  fact  as  some  evidence  that  the 
valley  between  Deerfield  mountain  and  Toby,  has  been  to  a  great 
extent  excavated  by  water.  For  I  can  hardly  conceive  how  so 
deep  a  gorge  should  have  been  produced  in  this  greenstone  ridge 
or  dyke,  at  the  period  of  its  protrusion :  certainly  not  without  ' 
causing  great  disturbance  in  the  adjoining  strata ;  of  which  I  have 
seen  no  traces.  The  continuity  of  this  ridge  is  uninterrupted  ;  as 
are  the  dip  and  direction  of  the  sandstone  strata.  But  the  whole 
aspect  of  this  valley,  and  especially  the  contour  of  Sugar  Loaf, 
correspond  with  the  idea  of  excavation  by  water.  The  rocks  in 
place,  too,  on  both  sides  of  the  river,  to  the  height  of  several 
hundred  feet,  bear  the  marks,  in  numerous  grooves,  of  powerful 
abrading  agents. 

If  such  an  hypothesis,  however,  be  admitted,  this  work  must 
have  been  performed  while  the  region  under  consideration  was  in 
a  state  quite  different  from  what  it  is  at  present ;  and  probably  by 
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other  streams  than  the  Connecticut  and  its  tributaries.  For  I 
have  in  another  place  attempted  to  show,  that  these  streams  have 
not,  to  any  great  extent,  excavated  their  own  beds :  although  the 
reasoning  which  proved  this  position,  would  not  applj  to  the  val- 
ley between  Toby  and  Deerfield  mountain,  except  by  way  of 
analogy.  If  water  did  excavate  that  valley,  probably  it  was  pre- 
vious to  the  deposition  of  the  tertiary  strata  in  the  Connecticut 
valley ;  since  no  change  of  consequence  has  taken  place  in  the 
surface,  (I  mean  by  elevation  or  subsidence,)  subsequent  to  that 
period :  whereas  some  change  of  this  kind  must  have  taken  place 
since  the  excavation  of  this  valley,  if  other  streams  than  the  Con- 
necticut and  its  tributaries  performed  the  work. 

But  enough,  and  probably  more  than  enough,  upon  a  subject 
which  is  obviously  involved  in  great  obscurity.  I  confess  that  the 
position  which  I  have  taken,  and  the  reasoning  which  I  have  ad* 
vanced,  do  not  satisfy  my  mind :  but  at  present  I  can  offer  nothing 
better. 

Mineral  Contents. 
Copper. 

The  veins  of  Copper  ore,  occurring  at  the  junction  of  this 
formation  with  the  greenstone,  are  the  most  interesting  mineral 
treasure  of  the  new  red  sandstone.  Here  are  found  several  spe- 
cies :  viz.  the  pyritous  copper,  red  oxide,  and  green  carbonate : 
and  several  masses  of  native  copper,  have  been  found  in  the  valley 
of  the  Connecticut,  which  probably  originated  in  these  veins.  The 
veins  are  quite  numerous  from  New  Haven  to  Northfield,  and  not 
unfrequently  extend  into  both  rocks,  the  sandstone  and  greenstone. 
Their  gangue  is  sometimes  sandstone,  sometimes  trap,  and  some- 
times sulphate  of  baryta.  On  the  most  southern  df  the  islands  at 
Turner's  falls,  the  gangue  of  the  pyritous  copper  is  a  brecciated 
sandstone,  the  vein  crossing  the  regular  strata ;  though  coinciding 
with  them  in  direction.  That  is,  both  run  nearly  north  and  south ; 
but  while  the  slate  dips  about  45^^  easterly,  the  vein  dips  westerly. 
It  would  seem  as  if  the  intrusion  of  the  copper  ore  had  broken  a 
portion  of  the  sandstone  into  fragments,  and  the  materials  had 
been  partially  melted,  so  that  on  cooling,  a  chemical  union  took 
place  between  them  and  the  walls  of  the  vein.  On  the  edges  of 
the  sandstone  strata,  for  several  feet  and  even  rods,  around  this 
vein,  may  be  seen  numerous  crystals  of  lenticular  carbonate  of 
iron.  (No.  240.) 

AH  the  veins  of  copper  ore  in  the  formation  under  considera- 
tion, run  in  nearly  the  same  direction,  so  far  as  L  have  examined 
them :  that  is,  nearly  noith  and  south  ;  indicating  some  common 
cause  from  which  they  originated; 
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The  vein  of  pyritoas  and  the  green  carbonate  of  copper,  half  a 
mile  below  Turner's  falls,  in  Green6eld,  affords  a  good  example, 
at  low  water,  of  the  passage  of  the  vein  through  the  trap  and  the 
sandstone.  Although  it  has  not  baen  explored,  veins  of  sulphale 
of  baryta,  sometimes  several  inches  wide,  and  accompanied  by 
copper,  may  be  seen  passing  into  both  rocks.  The  trap  is  that 
variety  denominated  loadstone ;  the  base  being  apparently  indu- 
rated clay.  The  red  slaty  rock  connected  with  the  trap,  may  be 
regarded  as  a  variety  of  shale,  sometimes  a  little  micaceous.  As 
nearly  as  I  could  determine,  this  vein  is  perpendicular ;  and  as  it 
passes  northerly  into  a  lofty  hill  of  trap,  it  might  in  that  direction 
be  advantageously  explored.  A  few  hundred  dollars  laid  out 
here,  would  probably  determine  the  value  of  the  vein. 

]  have  put  down  a  second  copper  vein  on  the  Map,  a  mile  or 
two  south  of  the  one  just  described.  I  did  it  on  what  I  thought 
good  authority  ;  but  subsequent  examination  has  led  me  to  doubt 
whether  it  has  an  existence ;  although  I  am  aware  bow  easy  it  is 
to  overlook  such  a  locality  without  a  guide. 

The  copper  ore  in  Granby,  Ct.  (called  the  Simsbury  Mines,) 
appears  so  far  as  it  has  been  explored,  to  be  a  bed  lying  entirely 
between  layers  of  sandstone,  which  dip  to  the  east  a  little  more 
than  20^  and  running  between  north  and  south,  and  northeast  and 
southwest.  The  red  oxide  is  the  principal  ore,  sometimes  mixed 
with  a  little  of  the  green  carbonate.  The  gangue  appears  to  be 
gray  sandstone.  Since  this  mine  has  been  re-opened,  about  a 
thousand  tons  of  good  ore  have  been  obtained.  A  new  adit  is 
now  in  progress,  which  will  strike  the  bed  of  copper  ore  about 
200  feet  below  the  surface. 

Although  nothing  but  sandstone  is  found  where  this  bed  of  ore 
crops  out,  yet  a  greenstone  ridge  appears  a  few  rods  distant,  and 
th«;  dip  of  the  bed  is  towards  the  greenstone,  and  must  therefore 
pass  under  it,  or  intersect  it. 

Native  copper  has  been  found  in  small  pieces  at  this  mine. 

Coal 

It  has  long  been  known  that  coal  was  found  in  the  sandstone  of  the 
Connecticut  valley :  and  on  this  fact  mainly  has  the  opinion  been 
based,  that  a  real  coal  formation  exists  there.  But  I  think  I  have 
satisfactorily  shown  that  this  formation  must  be  referred  to  the  new 
red  sandstone  group.  Yet  if  this  be  admitted,  shall  we  infer  that 
there  is  no  hope  that  it  may  contain  coal  in  such  quantity,  and  of 
such  quality  as  to  be  useful  for  fuel  ?  A  few  years  ago,  geologists 
would  have  peremptorily  decided  this  question  in  the  affirmative : 
but  in  the  present  state  of  their  science,  it  seems  to  me  we  may 
at  least  reasonably  hesitate,  and  perhaps  draw  a  contrary  inference. 
It  is  now  generally  admitted  that  all  coal  has  a  vegetable  origin  ; 
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and  that  simply  by  the  long  continued  action  of  water,  under  cer- 
tain circumstances,  vegetable  matters  pass  into  the  state  of  peat^ 
next  into  lignite,  then  into  bituminous  coal,  and  finally  into  anthra- 
cite: though  this  last  substance  more  commonly,  perhaps,  results 
from  the  action  of  heat  on  bituminous  coal :  and  if  the  heat  be 
powerful  enough,  even  plumbago  may  be  produced  ;  <  as  wood  has 
been,'  (thus  changed)  says  Dr.  MaccuUoch,*  in  my  experiments, 
and  as  coal  is  daily  in  the  iron  furnaces.'  Such  a  change  he  found, 
in  one  case  at  least,  produced  upon  common  coal,  in  the  vicinity 
of  a  trap  dyke:  hence  he  reasonably  infers,  'that  even  the  plum- 
bago of  the  primary  strata,  no  less  than  the  anthracite,  might  as 
well  have  originated  in  vegetables,  as  that  each  of  these  should 
owe  an  independent  origin  to  elementary  mineral  carbon.' 

According  to  this  theory,  why  may  we  not  hope  to  find  large 
quantities  oi  workable  coal  in  any  formation  where  we  find  it  in 
small  quantities  ?  For,  the  same  causes  that  could  produce  it  in 
thin  beds,  might  reasonably  be  supposed  adequate  to  the  pro- 
duction of  large  masses.  Anthracite  is  found  in  almost  every  rock 
from  lias  to  gneiss ;  and  bituminous  coal  occurs  in  the  oolitic  and 
new  red  sandstone  series,  as  well  as  in  the  proper  coal  measures.f 
True,  so  far  as  we  yet  know,  the  coal  measures  contain  the  prin- 
cipal deposites  of  the  latter  species  in  Europe ;  and  perhaps  in 
this  country:  though  I  do  not  admit  that  our  bituminous  coal 
fields  have  yet  been  certainly  identified  with  those  in  Europe. 
But  who  knows  whether  the  circumstances  under  which  our  new 
red  sandstone  w^s  deposited,  might  not  have  been  such  as  to  pro- 
duce extensive  masses  of  coal  ?  This  would  not  constitute  so  great 
a  difiference  between  our  new  red  sandstone  and  most  of  that  in 
Europe,  as  the  almost  entire  absence  in  the  former  of  gypsum  and 
rock  salt ;  minerals  which,  on  the  eastern  continent,  are  regarded 
as  eminently  characteristic  of  this  formation.  In  Yorkshire,  Eng- 
land, coal  has  been  found  in  the  new  red  sandstone  :  and  on  the 
European  continent,  as  in  Poland,!  occasionally  in  thin  seams  : 
and  it  has  been  recently  ascertained,  that  the  Brora  coal  field  in 
Scotland,  which  is  probably  the  equivalent  of  that  of  Tecklenbui^ 
— Lingen,  in  Prussia,  is  contained  in  the  lias  ;||  a  formation  which 

♦  System  of  Geology,  &c.  Vol.  I.  p.  398. 

t  See  Brongniart's  Tableau  de  la  Succession  at  de  la  Disposition  des  Terrains 
et  Roches,  &c.  Paris,  1829.  Also,  Conybeare  and  Phillips's  Geology  of  England 
and  .Wales,  Vol.  I.  p.  329.  Al.  Brongniart  also  describes,  as  occurring  in  the 
Plastic  Clay  Fonnation  of  Mount  Meissner  in  Hesse,  '  a  true  anthracite— that  is 
to  sa^,  a  dense  carbon  without  bitumen,  sometimes  with  a  dull,  sometimes  with  a 
shinmg  fracture.  We  here  find  a  thicker  bed  of  compact,  solid,  bituminous  car- 
bon, having  a  nearly  straight  Aracture,  burning  with  facility,  and  presenting  many 
of  the  characters  of  true  coal  .'—Phil.  Mag.  Vol.  II.  N.  Series,  p.  108. 

X  Conybeare's  Report  on  Geology,  (1832)  p.  390. 

II  Philasophical  Magazine,  Vol.  II.  N.  Scries,  p.  101. 
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lies  above  the  new  red  saadstone:  and,  therefore,  every  pre- 
sumption is  in  favor  of  finding  coal  in  the  new  red  sandstone ; 
since  this  lies  between  the  lias  and  the  real  coal  measures.  This 
conclusion  is  still  farther  strengthened  by  the  fact,  that  Humboldt, 
Daubuisson,  and  other  able  geologists,  consider  the  red  sandstone 
group,  and  the  coal  measures,  as  belonging  to  the  same  formation.* 
All  these  facts  prove,  it  seems  to  me,  that  it  was  a  hasty  generali- 
zation which  limited  workable  coal  to  the  coal  measures ;  and  that^ 
therefore,  we  should  not  be  prevented  from  searching  for  coal  in 
the  new  red  sandstone  of  the  Connecticut  valley. 

The  coal  in  this  rock  occurs  in  the  form  of  thin  beds  and  irreg- 
ular nodules,  which  are  rarely  but  a  few  inches  in  diameter.  In  al- 
most every  instance,  it  appears  to  be  the  result  of  the  carbonization 
of  a  single  plant,  whose  form  can  be  distinctly  traced ;  though  it 
is  always  broken  into  fragments,  whose  length  rarely  exceeds  two 
feet.  At  Whitmore's  ferry,  in  Sunderland  ;  in  the  north  part  of 
South  Hadley,  and  on  the  north  bank  of  West6eld  river  in  West 
Springfield,  the  coal  is  highly  bituminous  :  though  least  so  at  the 
last  named  locality.  But  at  Turner's  falls,  in  Gill ;  at  the  South- 
ampton lead  mine,  and  at  Enfield  falls,  (Connecticut,)  it  is  an- 
thracite. At  the  junction  of  t%is  same  formation  with  the  green- 
stone at  Berlin,  in  Connecticut,  Dr.  Percival  has  described  a  vein 
of  bituminous  coal  penetrating  the  greenstone.  He  says,  how- 
ever, that  Mt  more  usually  has  the  appearance  of  cinders  so  mixed 
up  with  siliceous  matter  as  to  be  hardly  combustible.' 

It  becomes  an  interesting  inquiry,  whether  local  circumstances 
will  enable  us  to  explain  why  the  coal  at  some  of  these  localities 
is  bituminous,  and  at  others  anthracite.  'We  know,' says  Prof. 
Al.  Brongniartjf  <  that  the  coal  which  is  in  contact  with  the  veins 
or  dykes  of  basanite,  or  trap,  that  traverse  it,  and  that  which  ap* 
proacbes  masses  of  porphyry,  is  less  bituminous  than  other  por- 
tions of  the  bed,  and  that  it  even  loses  all  its  bitumen,  and  in 
passing  to  the  state  of  anthracite,  exhibits,  as  it  were,  a  kind  of 
vitreous  texture,  &c.'  Few  geologists  will  now  doubt  but  the 
proximity  of  granite  produces  a  similar  efiect.  Now  at  Turner's 
falls  we  know  that  a  large  mass  of  trap  is  not  far.  from  the  coal ; 
and  at  Southampton,  that  granite  is  still  nearer ;  and  hence  we 
should  expect  the  coal  at  these  places  to  have  lost  its  bitumen.  I 
am  not  aware,  however,  of  the  proximity  of  either  of  these  rocks 
to  the  coal  at  Enfield  falls  ;  though  ignorant  of  its  particular  locar 
tion.  At  Sunderland  and  South  Hadley  the  trap  is  so  far  distant, 
that  we  are  not  surprised  to  find  bitumen.  ^  The  existence  of  bi- 
tuminous coal,  however,  in  the  trap  at  Berlin,  Ct.  is  quite  remark- 

«  De  la  Heche's  Geological  Maoual,  3ct  Edition,  (Londoo,  1833.)  p.  405. 
t  Tableau  des  Terrains,  dx.  p.  383. 
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able ;  and  the  fact  that  a  portion  of  it  is  converted  into  pseudo* 
cinders,  proves  that  heat  does  not  necessarily  drive  out  the  bitutnen. 
The  contorted  condition  of  the  strata  at  the  locality  of  coal  in 
West  Springfield,  renders  it  quite  probable  that  trap  ix)ck  exists  a 
short  distance  beneath  the  surface.  The  pretty  unifonn  dip  of 
the  strata,  where  they  are  laid  bare  in  that  (own  several  miles  in 
width,  by  Westfield  river,  is  from  15**  to  20o  east.  But  at  the 
spot  just  referred  to>  we  find  the  anomaly  which  is  here  sketched. 


It  is  a  satisfactory  explanation  of  this  case  to  suppose  that  green- 
stone, or  some  other  igneous  rock,  has  pressed  upwards  with  such 
force  between  A  and  E,  as  to  give  to  the  strata  a  saddle  shaped 
appearance  for  a  few  rods.  (Four  rods  from  A  to  E,)\  If  this  hy- 
pothesis be  correct,  we  can  hardly  conceive,  as  in  the  case  at  Ber- 
lin, why  the  bitumen  is  not  expelled  from  the  coal.  Upon  the 
whole,  the  cases  that  have  been  mentioned,  show  that  something 
more  than  mere  proximity  to  rocks  of  igneous  origin,  is  necessary 
for  the  conversion  of  bituminous  coal  into  anthracite ;  although 
heat  is  undoubtedly  the  principal  agent. 

Generally  the  coal  that  has  been  described,  occurs  in  a  gray  coarse 
micaceous  sandstone.  But  at  the  locality  at  West  Springfield,  it 
is  found  in  bituminous  marlite.  At  Sunderland,  it  is  in  bituminous 
shale. 

Lead,  Zinc,  and  Iron. 

The  sulphurets  of  these  metals  occur  jn  a  vein  at  the  junction  of 
the  greenstone  and  this  formation,  in  Berlin,  Ct.  as  described  by 
Dr.  Percival.  Galena  and  Blende,  I  have  observed  in  small  quan- 
tities in  the  fetid  limestone  of  West  Springfield,  at  Paine's  quarry, 
and  blende  at  Meachem's  quarry.  Sulphuret  of  iron  is  quite 
common  in  the  shale  every  where.  Nodular  argillaceous  iron  ore 
also  occurs  in  the  same  rock,  at  Turner's  falls.  South  Hadley  Ca- 
nal, &&C.  The  carbonate  of  iron  at  Turner's  falls,  has  been  already 
described :  and  I  suspect  No.  241  to  be  the  same  mineral  from 
South  Hadley  Canal:  though  it  resembles  cinnabar.  But  the 
chemical  tests  do  not  indicate  the  presence  of  mercury.  From 
its  solution  in  nitro-muriatic  acid,  prussiate  of  potash  threw  down  a 
dense  precipitate  of  the  prussiate  of  iron. 


Digitized  by  VjOOQ IC 


RoUenStoneyfyc.  288 

inm  Sixnd. 

Bushels  of  this  substance^  highly  magnetic,  may  sometimes  be 
collected  on  the  Montague  shore  of  Connecticut  river,  40  rods 
below  Turner's  falls.  Probably  it  proceeds  from  the  disintegration 
of  the  Dew  red  sandstone  at  the  falls.  Some  of  the  iron-colored 
grains  are  not  magnetic  enough  to  be  taken  up  by  the  magnet  and 
resemble  iserine. 

Rotten  Stone. 

This  valuable  substance  cannot  probably  be  regarded  as  a  simple 
mineral,  since  in  the  present  case,  it  is  merely  fetid  limestone  that 
has  been  partially  decomposed  by  the  action  .of  a  mass  of  green- 
stone in  the  immediate  vicinity  ;  or  by  some  other  cause.  It  is  found 
at  Paioe's  quarry  in  West  Springfield  ;  and  in  large  quantities.  Its 
quality  appears  to  be  very  excellent ;  and  in  an  economical  point  of 
view,  it  deserves  attention.  It  is  found  also  at  South  Hadley  Canal, 
on  the  West  Springfield  shore  ;  though  of  hardly  so  fine  a  quality, 
and  in  much  less  quantity.  It  is  not  there  associated  with  lime- 
stone.    (Nos.  217  to  221.) 

Fibrous  lAmestonSf  or  Satin  Spar. 

The  red  and  black  shales,  as  remarked  in  another  place,  on  the 
banks  of  Westfield  river,  in  West  Springfield,  contain  numerous 
veins  of  this  substance  from  an  inch  to  a  mere  line  wide.  Some- 
times it  forms  a  thin  seam  between  the  layers  of  slate.  The  same 
mineral  occurs  along  with  the  fish  impressions  at  Sunderland. 
Common  calcareous  spar  exists  in  these  rocks  as  well  as  satin 
spar. 

Concreted  carbonate  of  lime  is  frequently  found  in  this  formation. 
At  West  Springfield  I  found  it  an  inch  or  two  thick  between  the 
layers  of  sandstone,  near  the  southern  bed  of  fetid  limestone.  At 
the  Sunderland  cave,  it  fonns  small  and  imperfect  stalactites  on 
the  coarse  conglomerate :  and  on  the  same  conglomerate,  on  the 
east  side  of  mount  Toby  in  Leverett,  I  found  a  lai^e  quantity  of  it 
coating  over  a  perpendicular  wall  several  inches  thick.  (Nos.  226 
to  230.)  This  had  obviously  been  derived  from  the  conglom- 
erate by  water  ;  and  it  shows  that  carbonate  of  lime  is  more  fre- 
quent in  this  formation  than  one  would  be  led  to  suspect  from  its 
general  appearance. 

Sulphate  of  Baryta,  ' 

This  mineral,  as  already  remarked,  accompanies  the  veins  of 
copper  ore  in  the  new  red  sandstone  in  most  instances,  both  in 
Massachusetts  and  Connecticut.  In  this  State,  it  is  most  abundant 
at  the  copper  veins  in  Greenfield ;  where  it  forms  veins  from  six 
to  eight  inches  wide. 
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Sulphate  of  Strontia. 

This  mineral  occurs  in  radiated  masses  upon  fetid  carbonate  or 
lime  in  West  Springfield.  Its  specific  gravity  is  about  four ;  and 
before  the  blow  pipe,  it  melts  and  gives  a  slight  tinge  of  red  to  the 
flame. 

Sulphate  of  Lime. 

I  have  already  mentioned,  on  the  authority  of  Mr.  E.  Davis, 
that  this  interesting  mineral  exists  in  small  quantity  on  the  banks 
of  Westfield  river,  in  West  Springfield.  I  have  found  it  also,  in 
the  form  of  selenite,  on  gray  sandstone  at  South  Hadley  Canal,  in 
quite  small  quantity.  These  facts  are  sufficient  to  encourage  far- 
ther research  after  so  valuabU  a  substance. 

In  some  of  the  seams  of  the  fetid  limestone  of  West  Springfield, 
I  have  noticed  thin  layers  of  purple  fluate  of  lime. 

It  ought  not  to  be  forgotten,  that  in  Europe,  the  new  red  sand- 
stone group  is  one  of  the  depositories  of  salt  and  gypsum,  as  well 
as  the  rich  mines  of  Mercury  in  Carniola :  nor  ought  it  to  be 
supposed  that  our  new  red  sandstone  has  been  examined  thorough- 
ly enough,  to  render  it  certain  that  the  same  minerals  do  not  ex- 
ist here. 

It  is  now  also  pretty  well  ascertained,  that  the  diamond  mines  of 
Golconda  and  Panna  in  India,  and  those  in  South  America,  occur 
in  a  conglomerate  belonging  to  the  new  red  sandstone.*  And 
when  we  consider  how  easily  one  might  overlook  so  rare  a  sub- 
stance as  diamond,  observers,  I  should  hope,  will  recollect  this  fact 
in  their  future  examinations  of  this  rock  in  Massachusetts. 

Organic  Remains. 

In  Europe  the  new  red  sandstone  is  rather  remarkable  for  a 
paucity  of  organic  relics.  And  the  same  seems  to  be  true  in  this 
country.  Enough,  however,  have  been  found  in  this  rock  in  the 
valley  of  the  Connecticut,  to  throw  considerable  light  upon  the 
circumstances  under  which  it  was  produced.  And  judging  from 
the  success  which  I  have  had  in  the  few  direct  efforts  which  I  have 
made  for  discovering  the  fossils  of  this  formation,  I  predict  that 
subsequent  examinations  will  bring  to  light  many  more.  Much 
obscurity,  also,  rests  upon  the  nature  of  several  of  those  which  i 
have  found,  which  farther  research  will  1  hope  remove. 

The  remains  found  in  this  formation  are  both  vegetable  and  an- 
imal.    The  former  I  shall  first  nolice. 

Those  fragments  of  vegetables  which  are  not  uncommon  in  cer- 
tain varieties  of  the  new  red  sandstone,  and  which  present  a  thin 
layer  of  coal,  having  the  general  form  of  the  original  plant,  o)ight 

•  Conybeare's  Report  on  Geology,  (1832,)  p.  395  and  398. 
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h&Te  belonged,  in  some  cases  to  dicotyledonous  plants.  And  their 
extremely  broken  condition  shows  that  they  were  transported  from 
a  distance  to  the  places  which  they  now  occupy.  Mixed  with 
them,  however,  and  much  less  broken,  we  find  impressions  on  the 
shale,  in  which  usually  little  vegetable  matter  remains.  These  are 
rarely  more  than  an  inch,  or  an  inch  and  a  half  wide  ;  but  Na  252 
is  more  than  4  inches  wide,  and  this  is  the  largest  I  have  met  with. 
These  impressions  are  slightly  striated  longitudinally :  and  proba* 
biy  belong  to  the  tribe  of  fossil  plants  Catamites ;  possibly  to  the 
Calamites  arenaceus  of  Adolpbe  Broogniart.*  Yet  I  have  rarely 
noticed  any  distinct  articulations  in  the  specimens.  Not  unfre- 
quently  a  thin  layer  of  coal  occupies  the  place  of  the  vegetable ; 
its  surface  still  exhibiting  a  striated  or  furrowed  aspect.  In* 
deed,  I  think  it  possible  that  even  those  specimens  that  are 
so  much  broken,  (No.  253)  may  belong  to  the  same  family  of 
plants. 

De  la  Beche  mentions  that  the  Lyeapodites  Sillimanni — a  fos* 
sil  plant  peculiar  to  America — is  found  at  Hadley  in  Connecticut.! 
No  such  town  exists  in  Connecticut ;  and  I  can  have  but  little 
doubt  this  is  a  mistake  for  South  Hadley,  Massachusetts; 
for  I  know  of  some  gentlemen  in  Connecticut,  who  obtained 
some  years  ago,  several  peculiar  vegetable  fossils  at  that  place ; 
though  I  have  not  been  so  fortunate.  Professor  Sillimaui 
who  probably  sent  this  fossil  to  Europe,  has  no  recollection  con- 
cerning it. 

I  obtained  a  single  specimen  Several  years  ago  at  Sunderland, 
and  gave  a  figure  of  it  in  the  6th  volume  of  the  American  Journal 
of  Science,  which  bears  considerable  resemblance  to  the  rachis  of 
the  vohzia  brevifoliay  when  destitute  of  fructification,  as  figured 
by  Ad.  Brongniart  in  the  15th  volume  of  the  Annales  de  Sciences, 
and  found  in  the  sandstone  formation  near  Strasburg. 

In  some  of  the  lowest  beds  of  this  formation,  (those  which  have 
been  heretofore  called  the  old  red  sandstone,)  I  have  lately  found 
in  Deerfield  and  Greenfield,  a  singular  petrifaction,  which  Dr. 
Morton  says,  <  evidently  belongs  to  the  fossil  genus  Fucoides,  of 
which  Dr  Harlan  has  described  a  species  from  the  sandstone  of 
Genesee,  New  York,  under  the  name  of  F.  Brongniartii.  (Amer. 
Jour,  of  Geology.)  If  your  specimens  were  weathered,  their 
specific  characters  would  be  more  obvious,  and  would  probably 
prove  identical  with  those  from  Genesee.  Dr.  Harlan,  however, 
has  used  a  specific  name  already  in  use:  for  among  British  fossils, 
there  is  a  F.  Brongniartii  enumerated  in  Woodward's  Catalogue, 
1830 ;  which  species  is  figured  in  Mantell's  Geology  of  Sussex.' 

♦  Histoire  des  Vegetanx  Possiles,  Plate  23.  Fig.  1. 
t  Manual,  p.  419, 2d  edition. 
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This  Fucoides  varies  in  size  from  one  tenth  of  an  inch  to  an 
inch  in  diameter.  More  commonljr  it  runs  through  the  rock  ia  a 
direction  corresponding  to  that  of  the  lamins ;  in  which  case  it  is 
considerably  flattened.  Sometimes.it  passes  obliquely  through 
the  layers,  and  very  commonly  crosses  them  at  right  angles ;  in 
which  last  case  it  has  a  cylindrical  form.  It  is  rare  to  see  a  spec- 
imen of  any  considerable  length,  that  is  not  more  or  less  curved  ; 
and  I  have  never  met  with  one  that  was  branched  at  all.  I  have 
noticed  specimens  a  foot  or  more  in  length,  and  they  may  be 
much  longer  than  this,  since  I  have  not  met  with  any  large  mass 
of  rock  containing  them.  The  sandstone  in  which  they  are  found 
is  rather  fine  and  quite  soft,  and  easily  disintegrates.  They  occur 
near  Hoyt's  quarries,  one  mile  west  of  the  village  of  Deerfield ; 
and  also  a  few  rods  south  of  the  county  jail  in  Greenfield,  close  by 
the  stage  road. 

The  vegetable  matter  in  these  remains  is  wholly  replaced  by 
sandstone.  By  breaking  the  specimens  transversely,  a  curious 
structure  is  revealed.  It  may  be  described,  by  saying  that  the 
cylinder  is  made  up  of  convex  layers  of  sandstone,  piled  upon  one 
another  :  and  I  observe  that  in  the  same  rock  all  the  specimens 
have  the  convex  side  of  these  layers  in  the  same  direction ;  so 
that  on  one  side  of  the  rock  you  will  see  numerous  button-like 
protuberances,  and  on  the  other  side  corresponding  concavities. 
(No.  258.)  But  I  do  not  know  which  side  is  uppermost  in  the 
rock,  in  situ.  Nor  am  I  familiar  enough,  either  with  living  or  fos- 
sil agamous  plants,  to  know  whether  there  is  any  thing  remarkable 
in  this  structure. 

An  examination  of  the  species  of  Fucoides  described  by  Dr. 
Harlan,  has  convinced  me  that  the  one  now  under  consideration  is 
not  the  same.  However  much  the  latter  is  weathered,  it  never 
presents  that  distinct  appearance  of  articulation  which  gives  to 
Dr.  Harlan's  species  so  much  the  aspect  of  an  encrinite.  His 
species  is  also  often  distinctly  branched  ;  ours,  so  far  as  I  have 
observed,  never.  And  even  if  they  are  identical.  Dr.  Harlan's 
specific  name  must  be  abandoned  because  already  applied  to  anoth- 
er species.  Under  these  circumstances,  I  venture  to  denominate 
this  species,  Fucoides  Shepardi ;  as  a  mark  of  respect  for  my 
friend  Mr.  Charles  U.  Shepard  of  New  Haven,  whose  claims  to 
such  a  notice,  every  naturalist,  who  has  read  his  productions  on 
Natural  History,  will  be   ready  to  acknowledge. 

Plate  XI 11.  figs.  38  and  39  are  sketches  of  two  specimens  of 
this  Fucoides. 

Fossil  Trunk  of  a  Tree. 
I  saw  this  interesting  relic  several  years  ago^  in  Dr.  Smith's 
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collection  !n  Southbury,  Ct.  It  was  obtained  in  that  place  in  the 
sandstone  formation  extending  from  Woodbury  to  the  Housatonic  ; 
which,  although  separated  topographically  from  the  new  red  sand- 
stone of  the  Connecticut  valley,  appears  to  possess  precisely  the 
same  characters.  The  specimen  to  which  I  refer  was  cylindrical, 
eight  or  ten  inches  in  diameter,  highly  siliceous,  and  exhibited  the 
bark  very  distinctly ;  which  if  I  do  not  misrecollect,  was  -carbona- 
ceous. It  was  discovered  in  a  swamp,  and  a  laborer,  mistaking  it 
for  a  stump  of  a  recent  tree,  struck  it  with  his  axe ;  and  being 
vexed  at  the  injury  his  instiliment  received,  he  in  revenge  broke 
it  almost  to  pieces.  The  unbroken  fragment  in  Dr.  Smith's  pos- 
session, however,  was  several  inches  long. 

The  circumstances  above  related,  render  it  probable  that  this- 
trunk,  when  first  discovered,  stood  in  the  position  in  which  it 
grew ;  as  has  been  found  to  be  the  case  in  numerous  instances  in 
the  sandstones  of  Europe. 

Animal  Remains, 

About  thirteen  years  ago,  an  interesting  discovery  of  the  bones 
of  an  animal  was  made  in  digging  a  well  near  Ketch's  Mills,  in 
the  east  parish  of  East  Windsor,  Ct.  The  rock  is  a  red  con- 
glomerate, belonging  to  the  higher  part  of  the  new  red  sandstone, 
and  exceedingly  resembles  in  color  and  hardness  the  conglomerate 
of  the  lowest  beds.  The  workmen  penetrated  five  feet  of  soil  be- 
fore reaching  the  rock,  and  then  blasted  the  latter  to  the  depth  of 
eighteen  feet,  before  reaching  the  bones.  And  although  little  care 
was  taken  to  obtain  these  in  a  proper  state  for  examination,  and 
they  were  mostly  scattered  among  visitors  to  the  spot,  yet  the  fol- 
lowing facts  may  be  depended  on. 

The  most  remarkable  fact  is,  that  these  bones  were  not  at  all  min- 
eralized ;  but  retained  the  color  and  other  characters  of  bones  that 
have  long  been  buried.  On  exposure  to  the  air,  they  were  much 
disposed  to  crumble  down.  Yet  this  was  not  universally  the  case, 
as  two  or  three  small  fragments,  still  in  my  possession,  testify. 
These  bones  belonged  to  a  vertebral  animal,  about  five  feet  long, 
which  lay  horizontally  in  the  rock ;  and  as  the  caudal  vertebrae 
were  quite  numerous,  projecting  in  a  curve  eighteen  inches  beyond 
the  body  of  the  skeleton,  I  suspect  these  bones  belonged  to  a 
saurian  animal ;  especially  since  such  animals  have  been  found  in 
the  new  red  sandstone  in  Europe. 

Having  understood  that  an  individual  in  East  Windsor,  (for  his 
own  sake  I  will  not  mention  his  name,)  had  preserved  several  frag- 
ments of  these  bones,  and  finding  that  geologists  abroad  were  be- 
ginning to  doubt  whether  any  such  discovery  had  been  made,  I 
travelled  seventy  miles,  accompanied  by  an  artist,  in  the  hope  of 
being  allowed  to  take  sketches  of  the  specimens.     But  I  was  not 
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permitted  even  to  look  at  them.  I  tried  to  eoosole  myself  under 
so  unexpected  a  disappointment,  first,  by  reflecting  that  I  had  not 
received  such  treatment  any  where  else ;  and  secondly,  by  repeat- 
ing the  sentiment— ^anmai  parva  decent 

IchthyoKtei. 

The  remains  of  fish  have  been  found  on  bituminous  shale  mod 
bituminous  marlite,  in  Middletown,  Ct«  at  Sunderland  Mass.  and 
also  in  West  Springfield  and  Deerfield.  Sunderland,  however,  is 
the  only  spot  where  they  can  now  be* procured.  The  shale  there 
ibrms  the  bank  of  the  river  several  feet  high :  but  the  ichthyolites 
are  most  abundant  in  the  lower  part  of  the  bed,  which  corresponds 
nearly  with  low  water  mark.  I  have  dug  out  hundreds  of  speci- 
mens at  this  spot ;  though  perfect  ones  are  very  rare  to  be  obtain- 
ed. On  one  layer  of  the  rock,  fifteen  inches  by  three  feet,  seven 
distinct  impressions  were  visible.  Indeed,  I  have  not  unfrequently 
met  with  one  fish  lying  across  another,  without  the  intervention  of 
a  layer  of  shale  :  and  from  these  specimens,  I  can  easily  conceive 
how  the  mistake  should  iiave  been  made,  that  among  the  Monte 
Boica  ichthyolites,  one  fish  was  found  in  the  act  of  swallowing 
another  1 

A  thin  layer  6f  carbonaceous  matter  usually  marks  out  the  spot 
where  the  fish  lay ;  except  the  head,  whose  outlines  are  rendered 
visible  only  by  irregular  ridges  and  furrows*  In  some  cases, 
however,  satin  spar  forms  a  thin  layer  over  the  carbonaceous 
matter,  and  being  of  a  light  gray  color,  it  gives  to  the  speci- 
mens an  aspect  extremely  like  that  of  a  fish  just  taken  from  the 
water. 

We  sometimes  find  the  specimens  a  good  deal  mutilated ;  to 
much  so,  indeed,  that  the  form  of  the  fish  is  entirely  lost :  and  the 
seales  and  fins  are  scattered  about  promiscuously :  and  this  too  in 
the  vicinity  of  other  specimens  that  are  entire.  Hence  we  cannot 
impute  this  mutilation,  as  is  usually  done,  to  a  disturbing  force  ac- 
ting on  the  rock  at  the  time  in  which  the  fish  was  enveloped,  or 
afterwards.  But  if  we  suppose  that  the  fish,  as  they  died,  were 
gradually  enveloped  by  mud,  it  is  easy  to  conceive  bow  some  of 
them  might  have  putrified  and  fallen  to  pieces,  before  they  were 
buried  deep  enough  to  be  preserved :  or  it  might  be  that  the  fish 
was  mostly  devoured  by  some  other  animal ;  and  in  either  of  these 
ways,  we  might  expect  to  find  only  scattered  relica  enveloped  in 
the  rock. 

The  great  resemblance  of  these  ichthyolites  to  those  ibund  oa 
the  bituminous  slate  of  Mansfield,  in  Germany,  has  been  already 
noticed.  Probably  all  of  them  belong  to  the  genus  Palaeothrissom. 
I  am  inclined  to  believe  that  I*  have  found  four  species.  Plate 
XIV,  Figs.  45  and  48,  ar?  probably  the  same  species :  the  out- 
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lines  of  the  latter  b^ing  sketched,  merely  because  they  are  more 
distinct  than  those  of  Fig.  45.  Forty  nine  fiftieths  of  the  speci- 
mens at  Sunderland  belong  to  this  species.  Fig.  46  is  a  smaller 
species ;  difiering  very  decidedly  from  the  first,  but  very  rarely 
met  with.  Fig.  44  is  still  smaller :  the  scales  being  minute ;  and  I 
have  found  only  one  specimen  of  it.  The  fish  in  this  case,  as  may 
be  seen  by  the  drawing,  appears  not  to  have  lain  upon  its  side,  as 
they  generally  do,  when  it  was  enveloped  in  the  rock.  There  is 
occasionally  found  a  specimen  of  greater  length  than  any  which 
are  sketched ;  and  yet  the  scales  are  smaller  than  those  on  Fig. 
45 :  I  suspect  this  to  be  a  fourth  species :  but  I  have  no  specimen 
sufficiently  perfect  to  permit  a  drawing  to  be  taken. 

MoUusca. 

The  only  molluscous  animal  which  I  have  detected  in  the  new 
red  sandstone  formation,  was  found  in  rolled  masses  in  Amherst ; 
and  the  only  specimen  at  all  distinct,  is  sketched  on  Plate  XI, 
Fig.  17 ;  and  belongs  to  the  College  collection  in  that  place.  Al- 
though much  broken,  there  can  be  little  doubt  but  it  b  an  orthoo 
era.  For  a  long  time  I  supposed  the  rock  containing  this  mould, 
was  jft  wacke-Iike  trap :  but  I  am  now  satisfied  that  it  is  a  mica* 
ceous  sandstone,  more  indurated  than  is  common.  I  should  not 
be  surprised  if  it  should  hereafter  appear,  that  the  vicinity  of 
Turner's  falls  is  the  spot  from  which  tbb  specimen  originated. 

At  those  falls  I  obtained  the  specimen  No.  282,  on  whose  sur- 
face are  some  protuberances  that  much  resemble  a  univalve  shell : 
but  they  may  be  concretions. 

Zoophyta, 

Under  this  head  I  introduce  a  remarkable  organic  relic,  which  I 
recently  discoverd  on  the  brown  shale,  or  rather  fine  micaceous  sand- 
stone, on  the  banks  of  Westfield  river,  (generally  called  Agawam 
river  near  its  mouth,)  in  West  Springfield.  It  is  characterised  by 
grooves  and  correspondent  ridges,  which  sometimes  ramify,  and 
by  small  somewhat  polygonal  reticulations,  which  cover  the  entire 
surface  of  the  shale  as  far  as  the  grooves  extend.  (Nos.  264, 
265.)  These  reticulations  are  rarely  more  than  one  quarter  of  an 
inch  in  diameter,  and  they  diminish*  in  size  as  we  approach  one 
extremity  of  the  impression.  No  animal  or  vegetable  matter  re- 
mains upon  the  shale,  yet  the  grooves  and  the  reticulations  are 
quite  distinct.  Plate  XIII,  Figs.  34  and  35,  are  sketches  of  this 
organic  impression ;  the  latter  showing  the  diminution  in  size  of 
the  net  work,  towards  one  extremity.  The  reticulations  and 
grooves  are  of  the  natural  size  in  both  figures. 
J  found  this  impression  on  the  north  bank  of  Westfield  river,  in 
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the  west  part  of  West  Springfield.  The  shale  conuining  it  pass'* 
es  OQ  one  side  under  the  river  ;  the  impression  still  continuing  iu 
that  direction,  as  far  as  the  rock  could  be  examined.  On  the 
other  side)  that  is,  northerly,  1  found  it  to  extend  eleven  feet,  and 
at  least  two  feet  in  width  ;  nor  did  the  margin  of  the  specimen  ap- 
pear in  any  direction.  More  recently  the  spot  has  been  visited 
by  Solomon  Lathrop  Esq,  of  West  SpringfieJd,  who  has  uncovered 
the  impression  eighteen  feet  in  length,  and  at  least  four  feet  id 
width.  Towards  the  north,  he  found  the  reticulations  to  become 
finer,  until  at  length  the  impression  ceased  to  appear  in  that  direc- 
tion ;  but  how  much  farther  it  extends  under  the  river,  he  could 
not  ascertain.  And  he  says,  *  how  much  wider  the  impression  is 
(than  four  feet,)  I  cannot  tell,  but  sliould  presume  several  feet.' 
Thus  we  ascertain  the  existence  of  an  animal  or  vegetable  relic,  at 
least  eighteen  feet  long  and  four  feet  wide  !  and  it  may  occupy 
twice  or  thrice  that  extent  1 

But  which  is  it,  animal  or  vegetable  ?  I  have  searched  in  vain 
for  any  thing  resembling  it  in  Brongniart's  Vegetaux  Fossiles^  in 
Parkhurst's  Organic  Remains,  and  in  all  other  descriptions  of  a 
similar  kind,  within  my  reach.  But  the  reticulations  certainly  bear 
a  strong  resemblance  to  those  on  some  existing  species  of  Gorgo- 
nia,  or  sea  fan;  to  the  G.  reticulata,  for  example,  as  figured  in 
Rees'  Cyclopedia  :  although  in  this  species  we  see  nothing  that 
could  have  produced  the  grooves  so  obvious  on  the  fossil.  The 
fossil  Gorgoniae,  also,  as  figured  by  Goldfuss,  especially  the  G. 
ripistena  and  infundibulformisj'^  bear  considerable  resemblance 
to  the  impression  from  West  Springfield:  but.  these  species  are 
only  an  inch  and  a  half  long.  Yet  some  of  the  existing  species 
<  in  deep  bays,  and  similar  situations  of  the  sea,  no  less  favorable 
to  their  growth  and  increase,  attain  to  the  gigantic  height  of  ten 
or  twelve  feet ;  and  from  their  number  as  well  as  magnitude  ; 
their  remarkable  ramose^  and  foliated  or  flabelliform  appearance  ; 
interwoven  structure,  or  coral-like  texture,  form  a  conspicuous  por- 
tion of  those  vast  sub-marine  '  groves  of  coral'  that  are  sometimes 
seen  by  navigators  in  the  hotter  regions  of  the  globe. 'f 

Upon  the  whole,  I  am  strongly  inclined  to  believe  that  this 
interesting  relic  must  have  been  an  enormous  Gorgonia.  True, 
no  discovery  has  yet  made  of  the  central  stem  :  but  who  knows 
that  the  shale  has  yet  been  explored  far  enough  in  width  to  dis- 
cover it.  If  so,  this  specimen  may  yet  be  found  to  be  from  eight 
to  ten  feet  in  width  !  % 

♦Petrifacta,  Plate  VII,  fig.  2,  and  Plate  X,  fig.  1. 

t  Rees'  Cyclopedia,  Art.  Gorgonia. 

t  While  the  proof  sheet  of  this  page  for  the  first  edition,  was  ander  examination, 
1  received,  through  the  kindness  of  Professor  Silliman,  Mr.  Witham's  '  Obser- 
vations on  Fossil  vegetables,'  Edinburgh,  1831  j  and  his  '  Destriplion  of  a  Fossil 
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No  ooe,  who  admiui  this  fossil  to  be  a  Gorgonia,  will  doubt,  I 
think,  that  it  is  an  undescribed  species.  I  therefore  take  the 
liberty  to  dedicate  it  to  Dr.  C.  T.  Jackson  of  Boston,  under  the 
name  of  Gorgonia  Jacksonu  This  I  do  without  any  personal 
acquaintance  with  Dr.  Jackson,  in  testimony  of  my  respect  for  bis 
attainments  and  productions  in  geological  and  mineralogical  science. 

Plate  XIII,  Fig.  36,  b  a  sketch  of  an  impression  found  in  the 
same  shale,  only  an  inch  or  two  higher  up  in  the  rock.  (No.  256.) 
It  scarcely  differs  from  the  others,  except  in  the  absence  of  the 
the  reticulations.  Mr.  Lathrop,  who  sent  me  this  specimen, 
could  discover  none  of  these.  But  I  have  noticed  that  frequently 
the  reticulations  are  attached  to  a  very  thin  layer  of  shale,  which 
easily  cleaves  off  and  leaves  an  impression  precisely  like  that  in 
the  6gure.  Hence  I  suspect  that  these  reticulations  will  be  found 
connected  with  the  grooves :  although  I  can  easily  conceive  of 
difTerent  species  in  which  the  net  work  should  be  absent.  And 
Mr.  Lathrop  says,  that  such  as  are  represented  in  the  6gure  are 
quite  abundant,  not  only  at  the  spot  mentioned  above,  but  also 
half  a  mile  nearer  the  village  of  West  Springfield,  where  he  says, 
'  the  leaves  are  larger,  and  in  one  instance  the  edge  appeared 
serrated.' 

On  the  surface  of  the  same  shale,  along  the  same  river,  we  find 
irregularly  ramified  masses  of  flint,  or  silceious  slate,  from  half  an 

Tree  in  the  Gtaarry  at  Craigleith/  Edinburgh,  1833;  and  I  was  at  once  stmck 
with  the  resemblance  between  several  of  the  drawings  in  those  works,  and 
those  which  I  have  presented  of  the  fossil  described  in  the  text.  Bat  Mr.  With- 
am's  drawings  represent  sections — mostly  transverse — of  fossil  trees  as  seen 
through  the  microscope ;  and  therefore,  the  specimens  from  which  they  were 
taken,  cannot  be  remotely  allied  to  the  fossil  at  West  Springfield,  which  con- 
sists simply  of  an  impression  upon  shale. 

The  botanist  will  also  notice  a  resemblance  between  the  drawing  of  the  fossil 
described  in  the  text,  and  a  drawing  of  the  bark  of  the'  XatUhorkaa  hasHlis,  in 
Decandolle's  '  Organographie  Veffetale.'*  But  the  latter  exhibits  only  the 
inner  side  of  the  bark,  which  would  not  be  shown  in  a  fossil  slate :  and  it  is  clear 
from  Plates  VII  and  vIII  of  that  work,  that  the  whole  trunk  of  the  Xanthorhoea 
would  present  a  very  different  appearance  in  a  fossil  state,  from  that  of  the  West 
Springfield  relic. 

Professor  Silliman  has  kindly  given  me  his  opinion  in  respect  to  the  character 
of  the  sandstones  in  the  Connecticut  valley:  and  I  shall  take  the  liberty  to  insert 
it  here.  It  will  be  seen  that  there  is  no  real  discrepancy  between  us  on  the  sub- 
ject. He  is  more  confident  than  I  am  of  the  existence  of  the  old  red  sandstone  io 
this  valley ;  while  I  merely  say,  that  I  have  not  evidence  enough  of  its  existence 
to  justify  me  in  marking  it  on  the  Map.  Professor  Silliman,  I  trust,  will  excuse 
the  liberty  which  1  take  in  copying  his  opinion  from  a  private  letter,  since  it  is 
the  opinion  of  one  who  examined  this  subject  much  earlier  than  myself,  and  who, 
in  my  earliest  as  well  as  latest  geological  pursuits,  I  have  always  regarded  as 
my  counsellor,  patron,  and  friend. 

'  My  impression  is,'  says  he, '  that  both  the  old  and  the  new  red  sancLstone  exist 
in  the  great  formation  .of  Massachusetts  and  Connecticut:  that  the  old  lies  the 
lowest,  and  is  nalpablv  (at  least  here)  granite  ruins :  that  the  new  lies  higher  in 
the  series;  and  that  the  coal  formation  may  come  between  them  as  elsewhere.' 

•  Plate  VUL  Fig.  6,  (Puis,  18S7.) 
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inch  lo  an  inch  in  diameter.  I  could  not  resist  the  impression  that 
'  this  siliceous  matter  may  have  taken  the  {>lace  of  a  loophyte :  al- 
though I  have  seen  no  ceruin  evidence  of  organisation,  ^o. 
iS67.)  But  if  the  specimens  that  have  been  described  are  Gor- 
goniae,  we  have  certainly  presumptive  evidence  that  other  loo- 
phytes  would  be  found  in  the  same  rock. 

Radiaria. 

Under  this  name  I  have  a  specimen,  perhaps  nill  more  reviark* 
able  than  the  last,  to  introduce.  It  is  from  the  fetid  limestone  in 
West  Springfield.  Plate  XII,  Fig?.  39, 30, 32  and  33,  are  intend- 
ed to  convev  an  idea  of  the  most  important  varieties  of  this  pet- 
rifaction, which  I  have  hitherto  discovered.  Fig.  33  exhibits  its 
most  common  form.  This  is  composed  of  cylindrical  bodies,  usu- 
ally less  than  half  an  inch  in  diameter,  and  several  inches  long, 
running  in  a  parallel  direction  through  the  limestone.  On  break- 
ing them  transversely,  they  are  seen  to  consist  of  concentric  lay* 
ers  of  carbonate  of  lime,  of  various  shades  of  color :  the  outside 
of  the  external  layers  (and,  indeed,  more  or  less  so  of  the  others,) 
being  covered  with  small  warty  protuberances ;  but  showing  no 
marks  of  transverse  septa.  Not  unfrequently  a  small  perforation 
occupies  the  centre  of  the  cylinder ;  and  at  otber  times  it  is  occu- 
pied by  calcareous  spar,  which  probably  entered  by  infiltration. 
A  radiated  structure  is  generally  quite  obvious:  especially 
when  specimens  are  newly  fractured  crosswise.  (Nos.  368  to 
877.) 

Fig.  32  exhibits  one  of  these  cylinders,  terminated  by  a  sphe- 
roidal head,  and  covered  over  with  the  warty  protuberances  that 
have  been  mentioned. 

Sometimes  these  cylinders  enlarge  and  several  of  them  (fre- 
quently three)  become  united,  so  that  the  outer  layers  enclose  the 
whole :  as  is  shown  in  Fig.  30. 

In  one  or  two  instances,  numerous  small  cylinders  become  uni- 
ted in  this  manner,  and  form  a  rather  confused  mass  in  the  centre, 
surrounded,  however,  by  distinct  layers.  In  this  case  groat  en- 
largement takes  place,  as  in  Fig.  39.  The  lower  part  of  that 
specimen,  which  cannot  be  seen  in  the  sketch,  exhibits  numerous 
small  and  distinct  tubes,  which  by  extending  an  inch  or  two,  be- 
come blended  in  the  confused  mass  that  occupies  the  central  parts, 
as  seen  on  the  upper  surface  in  this  figure. 

The  appearance  of  a  concretionary  strocture  is  so  marked  in 
some  specimens,  that  one  or  two  geologists,  for  whose  opinions  I 
entertain  a  high  respect,  have  even  suggested  whether  this  re* 
markable  substance  be  a  real  petrifaction  ;  and  inquired  whether 
it  may  not  be  of  a  nature  similar  to  the  columnar  limestone,  de- 
scribed by  Capt.  Bonnycastle  with  a  plate,  in  the  20th  volume  of 
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tlie  Am.  Journal  of  Science.  Judging  from  the  plate,  as  well  as 
specimens  which  I  have  seen  of  that  limestone,  1  am  satbfied  that 
the  specimens  from  Springfield  are  of  a  very  different  character^ 
and  exhibit  far  more  marks  of  oi^nic  structure.  Indeed,  I  can 
hardly  doubt  but  they  are  real  petrifactions  ;  hut  having  examined 
Goldfuss'  Petrifacta,  Miller's  Crinoidea,  Sowerby's  Mineral  Con« 
chology,  Parkinson's  Organic  Remains,  &c.,  I  can  find  no  fossil 
resembling  these.  The  new  genus  Marsupites  of  Mantell*  does 
indeed,  bear  some  resemblance  to  that  under  consideration  ;  but 
they  are  probably  different.  General  analogies  only,  have  led  me 
to  regard  them  as  having  resulted  from  the  petrifaction  of  radiated 
animals :  though  I  am  by  no  means  sure  that  they  are  not  of  veg- 
etable origin. 

The  specimens,  Nos.  S63  and  265,  were  obtamed  from  the 
shale  that  forms  the  north  bank  of  Westfield  river,  in  West  Spring** 
field :  and  from  their  general  aspect,  I  suspect  them  to  be  Encri- 
ni :  though  they  may  be  of  the  same  nature  as  the  remains  just 
described.  The  mineralizer  in  this  case  seems  to  be  argillo-femi* 
ginous  limestone,  except  the  central  part. 

Whether  the  Nos.  S83,  and  284,  are  to  be  regarded  as  organic 
relics,  I  feel  unable  to  decide. 

Theoretical  Connderations. 

The  new  red  sandstone  series  that  has  been  described,  consist- 
ing chiefly  of  the  fragments  of  older  rocks  from  the  surrounding 
region,  must  obviously  have  been  produced  chiefly  by  the  agency 
of  currents  of  water,  which  first  wore  away  these  rocks,  and  then 
transported  and  deposited  the  fragments  where  we  now  find  them. 
By  what  agent  or  agents  their  consolidation  was  effected,  we  may 
not  be  able,  perhaps,  in  the  present  state  of  geological  science,  to 
determine.  We  do  know,  however,  that  water,  air,  and  heat,  may 
all,  under  certain  circumstances,  accomplish  this  work.  Water 
may  contain  in  solution  some  cement,  say  carbonate  of  lime,  which 
shall  be  deposited  in  the  interstices  between  water-worn  fragments 
and  thus  unite  them.  Air,  it  is  also  well  known,  by  abstracting 
water  from  some  of  the  materials  that  form  rocks,  does  sometimes 
efiect  their  consolidation.  Heat,  likewise,  in  the  same  manner, 
if  it  be  sufiiciently  powerful,  by  producing  also  a  crystalline 
arrangement  of  the  materials,  will  harden  them  into  stone.  Now 
in  the  case  of  the  red  sandstone,  all  these  causes  may  have  eon- 
spired  to  effect  its  consolidation.  The  existence  of  beds  of  lime- 
stone in  th'is  formation,  and  of  carbonate  of  lime  diffused  through 
some  of  the  varieties  of  the  shale,  and  even  of  the  coarse  conglom- 
erates, shows  that  deposition  from  chemical  solution  in  water,  was 

« Geology  of  the  S.  East  of  England,  (London,  1833,)  p.  114. 
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one  of  the  important  agencies  concerned  in  its  production.  The 
inclined  position  of  the  strata,  as  well  as  the  character  of  the  or- 
ganic remains,  show  that  these  rocks  have  been  elevated  from  be- 
neath the  water,  and  of  consequence  have  been,  at  least  in  part, 
hardened  by  dessication.  And  the  presence  of  trap  rocks  in  the 
midst  of  the  formation,  not  to  speak  of  other  proofs  of  igneous 
action,  demonstrates  the  agency  of  heat  in  its  consolidation. 

It  will  naturally  be  inquired,  how  the  red  color,  so  characteristic 
of  the  most  important  varieties  of  this  rock,  could  iiave  been  pro- 
duced. Undoubtedly  it  proceeds  from  the  red  oxide  of  iron,  which, 
in  some  way,  has  been  diffused  through  the  mass.  But  whether 
heat  or  water  was  the  agent  employed,  may  be  doubtful.  We 
find  in  breaking  open  the  fragments  in  the  conglomerates,  that  the 
smaller  ones  are  penetrated  throughout  by  this  coloring  matter ; 
while  the  larger  ones  are  colored  only  to  a  certain  depth.  (See 
No.  143.)  Now,  has  the  iron  actually  penetrated  these  nodules, 
or  has  water  or  heat  changed  the  iron,  which  they  originally  con- 
tained, into  the  peroxide  ?  The  latter  supposition  appears  to  me 
most  probable  :  and  though  air  and  water  might  possibly  produce 
such  a  change  to  some  extent,  yet  I  think  we  must  call  in  the 
agency  of  heat  to  explain  the  very  thorough  manner  in  which 
some  of  the  finer  sandstones  of  this  group  have  been  colored  red. 
For  I  doubt  whether  air  and  water  can  do  much  in  this  process, 
unless  they  also  produce  incipient  decomposition. 

In  another  place  I  have  advanced  an  hypothesis  to  explain  the 
manner  in  which  such  sudden  and  numerous  alternations  of  the 
coarsest  and  the  finest  materials  in  this  rock  may  have  been  pro- 
duced :  viz.  by  the  flux  and  reflux  of  mighty  deluges,  caused  by 
the  elevation  of  mountain  chains  in  various  parts  of  the  globe. 
Some  of  these  waves  may  have  resulted  from  the  elevation  of 
the  strata  of  the  older  rocks  on  which  the  sandstone  rests  uncon- 
formably  ;  for  the  strata  of  the  former  are  much  nearer  to  verti- 
cality  than  those  of  the  latter ;  and,  therefore,  must  have  been 
raised  before  the  deposition  of  the  sandstone,  at  least  to  some  ex- 
tent. In  some  cases,  however,  there  is  reason  to  believe  that 
the  abraded  fragments  were  transported  southerly.  Thus,  the 
conglomerate  in  Greenfield  and  Bernardston,  near  the  argillo-mi- 
caceous  slate,  out  of  whose  ruins  it  was  obviously  formed,  (Nos. 
137,  138,  139,)  lies  south  of  the  parent  rock;  though  a  stratum 
of  the  slate  might  once  have  extended  farther  south  than  at  pres- 
ent, and  have  been  worn  away  by  the  powerful  reflux  wave  which 
rushed  easterly,  when  the  Hoosic  range  of  mountains  was  eleva- 
ted. The  fragments  of  the  conglomerate  of  mount  Toby  and  in 
Montague,  correspond  somewhat  with  rocks  found  several  miles  to 
the  north,  within  the  limits  of    Vermont  and  New  Hampshire: 
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tboagb  it  must  be  admitted  that  these  rocks  also,  might  once  hnx^ 
extended  farther  to  the  south  than  they  now  do. 

It  b  an  interesting  inquiiy,  whether  the  greenstone  ranges  now 
existing  in  the  very  midst  of  the  sandstone  formation,  were  pro- 
duced anterior  to  that  rock,  or  during  the  same  epoch,  or  after* 
wards.  In  all  the  lower  beds  of  the  sandstone  formation,  I  have 
never  found  a  single  fragment  of  the  greenstone  ;  and,  therefore, 
1  infer  that  the  latter  rock  did  not  exbt  previous  to  the  deposition 
of  these  beds.  Nor  have  I  found  any  of  the  trap  in  the  conglom- 
erates of  the  higher  beds,  except  a  narrow  stratum,  which  I  have 
described  under  the  name  of  trap  conglomerate :  and  which  lies  in 
immediate  contact  with  the  greenstone  of  Tom  and  Holyoke,  so  as 
rest  upon  it.  Greenstone  must,  therefote,  have  existed  in  the 
▼icinity,  before  the  formation  of  this  conglomerate ;  and  there  is 
only  one  difficulty  in  supposing  the  whole  of  the  greenstone  in 
the  Connecticut  valley  to  have  been  produced  immediately  subse- 
quent to  the  deposition  of  the  lower  beds  of  the  sandstone.  From 
some  facts  to  which  I  have  already  alluded,  and  which  I  shall  de- 
scribe more  particularly  in  speaking  of  greenstone,  it  would  seem 
that  the  upper  beds  of  the  sandstone,  those  that  lie  even  higher 
up  in  the  series  than  the  trap  conglomerate,  have  been  disturbed 
and  elevated  by  the  intrusion  of  the  greenstone.  Hence  I  should 
infer,  that  the  greenstone  continued  to  be  produced,  until  nearly 
all  the  beds  of  sandstone  bad  become  consolidated :  and  that  prob- 
ably the  existing  trap  ridges  were  the  last  erupted.  From  all 
these  facts,  then,  I  infer,  that  greenstone  began  to  be  erupted  not 
fer  firom  the  middle  of  the  epoch  of  the  deposition  of  the  sand- 
stone ;  and  continued  to  be  thrown  up  at  intervals,  during  the  re- 
mainder of  the  period  in  which  the  sandstone  formation  was  ad- 
vancing to  its  compledon. 

I  have  assumed  it  as  a  fact,  that  the  sandstone  formation  under 
coasideration  was  deposited  beneath  the  ocean,  and  subsequently 
elevated.  The  proof  is  quite  conclusive.  Imperfect  as  is  the  ac- 
count which  I  have  been  able  to  give  of  the  organic  remains  in 
this  group,  it  conUtns  enough,  I  think,  to  settle  this  point  To 
whatever  species  the  Fucoides  that  occurs  in  the  lower  beds  may 
be  referred,  we  may  be  sure  that  it  was  a  marine  plant.  For,  says 
Adolphe  Brongniart,  *  these  plants  (the  Algae,  including  the  Ul- 
vaceae  and  Fucoideae,)  grow  almost  without  exception  in  salt  wa- 
ter ;  ceruin  Ulvae  only  being  able  to  develope  themselves  in  fresh 
water.'*  This  opinion  is  still  farther  confirmed  by  what  that  same 
writer  says  of  the  species  of  Fucoides  found  in  the  new  red  sand- 
stone of  Mansfeld,  in  Germany,  including  of  course  the  bitumi- 
nous marlite.  <  Out  of  seven  species,'  he  says,  ^  five  to  all  appear- 

•  Histoire  des  Vegetaaz  Foesiles,  I.  Lirraison,  p.  37. 
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ance,  belong  to  two  genera  which  best  characterise  marine  yege-* 
tacion  in  the  torrid  zone/*  If  the  reticulated  fossil,  which  1  have 
described,  be  a  real  Gorgonia,  as  I  suppose,  it  funiishes  another 
conclusive  proof  of  the  marine  origin  of  this  formation:  for  this 
animal  is  exclusively  marine.  As  to  the  fishes  found  in  thcsbmle 
of  this  formation,  Brongniart  says,  that  ^  many  of  them  may  be  re- 
ferred to  genera  living  commonly  in  fresh  water :  but  others  are 
generally  marine ; '  and  he  infers  from  the  other  fossils  that  occur 
in  the  same  rock,  that  it  was  deposited  in  salt  water.  CoDcemiDg 
the  Palaeothrissum,  the  only  genus  of  fishes  yet  found  in  our 
sandstone,  as  no  similar  fish  is  now  known  to  exist  on  the  globe, 
we  cannot  say  whether  it  was  an  mhabitant  of  fresh  or  salt  water ; 
except  that  the  other  reftiains  found  in  connection  with  this,  so  fiir 
as  we  know  their  nature,  are  marine :  and,  therefore,  we  infer  that 
this  fish  was  so  too. 

This  conclusion  corresponds  with  those  that  have  been  made  in 
other  countries,  as  to  the  new  red  sandstone  group.  Kvery  where 
it  is  found,  when  carefully  examined,  to  have  had  a  marine  origin ; 
though  some  members  of  the  series  do  contain  fresh  water  remains, 
or  those  of  land  animals,  or  vegetables ;  and  hence  they  are  some- 
times called  fluvio-marine  :  that  is,  they  were  formed  in  estuaries, 
or  shallow  seas,  into  which  the  organic  products  of  the  land  and 
fresh  water  were  occasionally  borne  by  rivers.  But  in  the  new 
red  sandstone  of  the  Connecticut  valley,  no  animal  relic  has  yet  been 
found,  which  is  decidedly  of  fluviatile,  lacustrine,  or  terrestrial 
origin  ;  although  a  part  of  the  vegetable  remains  (the  Calamites,) 
uudoubtedly  grew  upon  dry  land  and  in  a  tropical  climate. 

It  is  certainly  an  interesting  thought,  that  this  delightful  valley, 
which  now  forms  so  charming  a  residence  for  man,  once  constituted, 
and  for  an  immense  period,  the  bottom  of  a  tropical  ocean,  where 
gigantic  Gorgoniae,  certainly  fiO,  and  perhaps  40  feet  high,  formed 
coral  groves,  and  Fucoideae  more  numerous,  flourished.  The  as- 
tonishing change  brought  about  in  the  course  of  ages,  exalts  our  con- 
ceptions of  the  wisdom  and  extent  of  the  plans  of  the  Deity; 
and  leads  us  to  anticipate  future  changes,  whenever  those  plans 
require. 

{  have  said  that  it  was  a  tropical  ocean.  I  mean  that  its  tem- 
perature was  much  higher  than  that  of  the  ocean  which  now  wash- 
es our  shores.  For  otherwise,  how  could  sea-fans,  larger  than  any 
which  our  tropical  seas  now  produce,  have  been  sustained.-  The 
fact  that  in  early  times,  while  the  secondary  rocks  were  depositing, 
the  climate  in  high  latitudes  must  have  been  much  warmer  than  at 
present,  is,  indeeji,  so  completely  established  by  researches  in 
other  parts  of  the  world,  that  it  would  be  strange  if  we  should  not 

•  Hist,  des  Veg.  Fos.  p.  43 
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fiod  tb«  same  tiling  to  be  true  on  this  continent.  But  the  few 
bets  wbicb  I  bave  detailed,  tbat  throw  any  lighten  this  inquiry,  all 
tend  to  show  tbat  there  is  no  exception  here  to  the  general  law. 
New  England  certainly  had  a  tropical  climate  when  the  ocean  that 
deposited  tbe  new  red  sandstone  stood  over  it.  And  Adolphe 
Brongniart  says,  tbat  two  species  of  Fucoides,  found  in  the  lime* 
stone  of  Canada,  approach  very  near  to  a  genus  of  these  plants 
tbat  now  grows  only  in  tropical  seas:  a  fact  that  tends  to  corrob- 
orate tiie  views  wbicb  b^ve  been  presented  relative  to  tbe  new  red 
sandstone  of  tbe  Connecticut  valley. 

A  careful  examination  of  tbe  fossils  of  this  sandstone,  will  con- 
vince any  one  that  their  resemblance  to  any  now  found  living  on 
tbe  globe,  is  very  faint :  so  tbat  probably  they  cannot  be  referred 
to  the  same  genera,  much  less  to  tbe  same  species.  This  too  ac- 
cords with  tbe  facts  that  have  been  observed  in  other  parts  of  the 
world.  Tbe  farther  down  in  the  series  of  rocks  we  penetrate,  the 
wore  unlike  living  animals  and  plants  are  those  found  in  a  fossil 
state.  And  it  seems  to  be  now  pretty  well  established,  tbat  there 
have  been  several  successive  creations  and  extinctions  of  animals 
and  plants  on  our  globe,  before  the  production  of  its  present  or- 
ganized beings.  It  is  not  certainly  ascertained  bow  many  of  these 
destructions  and  renewals  have  taken  place.  Adolphe  Brongniart 
thinks  tbat  four  changes  of  this  kind  are  clearly  discernible  among 
fossil  vegeubles.*  Hence  he  infers,  tbat  there  have  been  four 
periods  of  vegetation  since  tbe  creation ;  each  differing  from  the 
other  by  a  marked  distinction  in  tbe  species,  and  even  genera  of 
plants,  and  in  the  numerical  proportion  of  the  different  kinds. 
During  tbe  first  period,  the  strata,  from  the  lowest  fossiliferous 
rocks  to  the  lower  part  of  the  new  red  sandstone,  were  deposited. 
Tbe  second  period  includes  the  time  during  which  the  new  red 
sandstone  series  was  forming.  During  the  third  period,  the  veget- 
ables lived,  which  are  found  between  tbe  new  red  sandstone  group 
and  tbe  chalk,  including  the  latter.  The  fourth  period  commenced 
after  the  deposition  of  the  chalk,  and  reaches  to  the  highest  of  the 
tertiary  deposites.  During  each  successive  period,  the  vegetation 
becomes  more  perfect ;  tbat  is  to  say,  vascular  cryptogamiari  plants 
predominated  vastly  during  the  earlier  periods,  while  dicotyledo- 
nous and  nruinotyledonous  vegetables  prevailed  during  the  last  pe- 
riod. The  same  is  true  in  respect  to  animals.  Those  found  in 
tbe  lowest  rocks  are  extremely  simple  in  their  organization,  and 
vertebral  animals,  except  perhaps  a  few  fishes,  do  not  appear  low- 
er down  than  the  new  red  sandstone  ;  while  land  animals  begin  to 
appear  still  higher  in  the  series. 

Tbe  conclusions  of  Dr.   Macullocb  appear  to  coincide  nearly 

•  Dictionaairc  D'Histoirc  Naturelie,  Art.  Vcgeiatu  f(>:>siic'^ 
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with  those  of  BroDgniari :  and  the  fonner  writer  takes  animals  as 
well  as  vegetables  into  the  account.  '  Thus  then, '  says  be  '  if 
these  views  are  correct,  I  have  demonstrated  four  eiLtinctioDS  of 
antecedent  organized  creations :  while  there  are  two  more  perhaps 
less  satisfactorily  proved.'*  He  seems  to  be  disposed  afterwards 
to  raise  this  number  to  seven,  or  even  eight,  including  man  and  the 
existing  race  of  aninials. 

Sir  Charles  Bell,  tbe  most  distinguished  anatomist  in  Great 
Britian,  regards  the  great  difference  between  the  living  and  tbe 
fossil  animals,  and  between  those  in  successive  groups  of  locks,  as 
decisive  evidence  of  new  creations.  Tbe  principles  of  compara- 
tive anatomy,  be  considers  as  proving  this  beyond  all  reasonable 
doubt.  <  Every  thing, '  says  be,  *  declares  the  species  (of  animals) 
to  have  its  origin  in  a  distinct  creation,  not  in  a  gradual  variation 
from  some  original  type ;  and  any  other  bypothesb  than  that  of  a 
new  creation  of  animals  suited  to  the  successive  changes  in  tbe  in- 
organic matter  of  tbe  globe — the  condition  of  the  water,  atmos- 
phere and  temperature — brings  with  it  only  an  accumulation  of 
difficulties.'! 

Recent  discoveries  in  astronomy  render  it  probable  that  there 
exist  disturbing  forces  among  the  heavenly  bodies ;  very  feeble, 
indeed,  but  which  must,  after  periods  of  immense  length,  produce 
important  and  extensive  changes  and  catastrophes  among  suns  and 
planets.  And  one  cannot  but  inquire,  whether  there  may  not  be 
some  kind  of  connection  between  these  astronomical  and  geolog- 
ical periods.  But  we  ought  to  recollect,  in  the  language  of  Pro- 
fessor Whewell,  that  <  our  knowledge  of  the  vast  periods  both  ge- 
ological and  astronomical,  of  which  we  have  spoken,  is  most  slight. 
It  is  in  fact  little  more  than  that  such  periods  exist,  that  the  surface 
of  the  earth,  has,  at  wide  intervals  of  time,  undergone  great  chan- 
ges, in  the  deposition  of  land  and  water,  and  in  the  forms  of  ani- 
mal life ;  and  that  tbe  motion  of  the  heavenly  bodies  round  the 
sun  are  affected,  though  with  inconceivable  slowness,  by  a  force 
which  must  end  by  deranging  them  altogether.  It  would,  therefore, 
be  rash  to  endeavor  to  establbh  any  analogy  between  tbe  periods 
thus  disclosed ;  but  we  may  observe  that  they  agree  in  this,  that 
they  reduce  all  things  to  the  general  rule  of  finite  duration.'l 

It  ought  not,  however,  to  be  forgotten  in  this  connection,  that 
not  a  few  of  the  disclosures  of  modern  astronomy  give  us  reason 
to  believe,  that  some  of  the  heavenly  bodies  are  now  in  that  semi- 
chaotic  condition,  in  which  they  are  unfit  residences  for  such  na- 
ture as  ours,  and  are  in  fact  in  a  state  similar  to  tliat  in  which  tbe 

*  System  of  Qeology,  Vol.  U.  p.  432. 
t  The  Hand,  its  Mechanism,  &c.  p.  115. 
%  Whewcirs  Bridgwater  Treatise,  p.  157 
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earth  was  for  ages  previoiis  to  the  creation  of  man ;  that  is,  slowly 
passing  from  a  desolate  to  a  habitable  condition.  The  comets  ap- 
pear to  be  in  the  extreme  of  desolation,  ewen  in  a  gaseous  state, 
demanding  periods  incalculably  long,  by  the  operation  of  natural 
laws,  for  their  consolidation^  and  conversion  into  fit  abodes  for  ani- 
mal and  rational  natures*  Possibly  still  farther  removed  from  such 
a  state,  may  be  the  nebulae.  The  moon  appears  to  be  so  far  re- 
deemed from  the  uncontrolled  violence  of  volcanoes,  as  to  be  adap- 
ted perhaps  to  some  animal  natures.  Jupiter  is  not  improbably 
still  covered  by  one  wide  ocean,  in  which  such  monsters  as  our 
secondary  strata  disclose,  may  now  have  sway.  In  short,  astrono- 
my has  disclosed  enough  of  the  gecrfogy  of  other  worlds,  to  render 
probable  the  conjecture,  that  they  are  undergoing  those  astonishing 
changes,  which  seem  to  have  taken  place,  or  to  be  now  progressing, 
within  and  upon  our  own. 

I  am  aware  that  such  conclusions  as  these  will  seem  to  many  at 
variance  with  the  sacred  record.  For  Moses  speaks  only  of  one 
creation  of  plants  and  animals.  But  if  it  be  only  admitted,  as  it 
seems  to  me  the  principles  of  a  just  interpretation  demand,  that 
after  mentioning  the  original  production  of  the  universe  out  of 
nothing,  be  leaves  untouched  an  indefinite  period,  of  what  may 
be  called  the  semi-chaotic  state  of  the  globe,  we  shall  find  no  dif- 
ficulty in  reccmciling  every  apparent  discrepancy.  For  during  this 
long  period,  all  those  ereations  and  revolutions  which  the  strata 
now  reveal,  may  have  taken  place ;  and  the  animals  and  plants 
thus  brought  to  light,  are' of  exactly  the  character  which  we  should 
expect  might  exist  in  a  semi-cbaotk^  condition  of  the  globe.  But 
of  what  possible  use,  in  a  moral  point  of  view,  and  in  a  revelation 
for  the  great  mass  of  mankind,  would  it  have  been,  to  have  given 
an  account  of  the  creation  and  extinction  of  certain  huge  ferns, 
sea  weeds,  zoophytes,  and  sea  monsters,  whose  relics  would  be 
brought  to^light,  not  till  several  thousand  years  afterwards,  by  the 
researches  of  geologbts  ? 

That  the  first  chapter  of  Genesis  admits  of  the  interpretation 
which  I  have  suggested,  is  rendered  probable  from  the  fact  that 
commentators  of  no  mean  name  bad  adopted  it  long  before  geolo- 
gists bad  su^ested  the  difficulties  that  have  been  mentioned. 
Bishop  Patrick,  for  instance,  more  than  900  years  ago,  is  full  and 
explicit  on  the  subject  in  bis  Commentary.  Not  a  few  of  the  dis- 
tinguished commentators  and  theologians  of  our  own  days  have 
advanced  the  same  opinion.  Suffice  it  to  mention  the  names  of 
such  men  as  Bishops  Horsley,  Sumner,  and  Gleig :  Dr.  Chalmers, 
Dr.  Buckland,  Professors  Rossenmuller,  Conybeare,  Wbewell, 
Jameson,  Sir  Charles  Bell,  Sir  J.  F.  W.  Herschel,  Sharon  Tur- 
ner, &c. 

So  far  then  from  finding  in  these  facts  and  conclusions  of  geol- 
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ogy  any  objections  to  the  Mosaic  records,  1  find  in  them  a  striking 
evidence  of  the  benevolence  of  the  Deity.  For  during  the  long 
period  above  spoken  of,  the  globe  was  evidently  preparing  for  the 
residence  of  man,  and  the  other  animals  that  now  inhabit  it.  Be- 
fore their  creation,  its  temperature  was  too  high,  and  its  surface  too 
liable  to  be  broken  up  by  volcanoes  and  drenched  by  deluges,  to 
be  a  secure  and  happy  abode  for  the  more  perfect  races  of  animals 
that  now  inhabit  it.  But  it  was  adapted  to  the  nature  and  habits 
of  such  animals  and  vegetables  as  we  now  find  entombed  in  the 
rocks.  The  overflowing  benevolence  of  the  Deity,  therefore,  led 
him  to  place  such  beings  upon  it ;  and  thus  to  communicate  a  vast 
amount  of  happiness,  which  seems  to  be  a  grand  object  in  all  his 
plans  and  operations.  The  vegetables  that  existed  in  those  early 
periods,  have  been  converted,  in  the  course  of  time,  into  the  va- 
rious species  of  coal  now  dug  from  the  bowels  of  the  earth ;  while 
the  remains  of  the  animals  of  those  times  have  become  changed 
into  limestone.  And  even  those  violent  volcanic  agencies,  by 
which  the  successive  races  of  plants  and  animals  have  been  sud- 
denly destroyed,  have  probably  introduced  into  the  upper  part  of 
the  earth's  crust,  various  metallic  veins  very  important  to  human 
happiness.  And  in  all  this,  we  see  indications  of  that  same,  be- 
nevolent foresight  and  care,  for  supplying  the  wants  of  his  crea- 
tures, to  which  our  daily  individual  experience  of  God's  goodness 
testifies. 

I  deduce  another  moral  consideration  of  no  little  importance, 
from  the  facts  and  conclusions  that  have  been  stated.  So  constant 
and  uniform  are  the  operations  of  nature  in  general,  that  philosophy 
has  always  been  prone  to  regard  the  universe  as  a  most  curious 
machine,  set  in  motion  at  the  beginning  by  an  all-wise  being,  who 
having  furnished  it  with  every  thing  requisite  to  keep  it  eternally 
in  play,  has  left  it  to  run  on  in  the  prescribed  course,  without  his 
interference,  and  without  any  need  even  of  his  direction  and  su- 
perintendance.  Indeed,  some  have  thought  this  machine  so  per- 
fect, as  to  need  no  creating  and  superintending  Cause,  if  we  only 
admit  it  to  have  been  eternally  in  motion.  But  these  records  of 
geology  show  us  that  this  supposed  uniformity  has  been  often  bro- 
ken in  upon.  For  if  the  geologist  can  explain  how  the  operation 
of  natural  laws  might  destroy  races  of  plants  and  animals,  he  must 
admit  a  special  miraculous  interference  in  the  creation  of  new  ones. 
The  resemblances  between  the  plants  and  animals  in  each  of  the 
divisions  of  the  strata,  that  have  been  mentioned,  even  to  the  very 
limits  of  each  division,  and  the  suddenness  of  the  change  that  then 
takes  place  in  their  characters,  preclude  the  idea,  so  much  of  a 
favorite  with  certain  philosophers,  that  all  was  the  result  of  a 
gradual  metamorphosis.  Now  if  we  thus  ascertain  that  God  has 
specially  interfered  with  the  operation  of  natural  laws  in  the  in- 
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stances  under  consideration,  the  presumption  is,  that  he  may  in- 
terfere again,  whenever  the  good  of  his  universe  dehiands.  Thus 
do  we  get  rid  of  a  host  of  atheistical  objections,  with  which  the 
the  student  of  natural  theology  finds  his  path  encumbered.  It 
would  have  been  well,  if  some,  who  can  see  nothing  but  atheistical 
tendencies  in  the  principles  of  geology,  had  recollected,  before 
filling  their  pages  with  uncandid  vituperation  of  this  science  and 
its  cultivators,*  that  it  is  the  only  science,  with  the  exception  per- 
liaps  of  astronomy,  whose  principles  could  furnish  such  a  refutation. 

Nor  ought  it  to  be  forgotten  that  these  very  principles  and  de- 
ductions of  geology,  that  have  excited  so  much  of  alarm  and  oppo- 
sition among  some  friends  of  religion,  and  so  much  of  premature 
and  groundless  exultation  among  its  enemies,  have  nevertheless, 
when  taken  in  connection  wifli  astronomy,  developed  and  estab- 
lished a  law  of  God's  natural  government  of  the  universe,  grand 
beyond  all  others  known  to  man ;  and  undiscovered,  or  only  dimly 
seen,  by  the  great  minds  of  other  generations.  I  refer  to  the  fact, 
that  perpetual  change  is  made  the  grand  conservative  and  con- 
trolling principle  of  the  universe.  Men  have  always  seen  and 
felt  this  instability  in  respect  to  every  thing  on  earth  :  and  they 
have  regarded  it  as  a  defect,  rather  than  a  wise  law  of  the  natural 
world.  But  they  now  find  it  to  be  equally  true  of  suns  and  plan- 
ets, as  of  plants  and  animals.  '  Perpetual  change,  perpetual  pro- 
gression, increase  and  diminution,  appear  to  be  the  rules  of  the 
material  world,  and  to  prevail  without  exception.'!  And  this  very 
instability  is  the  great  secret  of  the  permanence  and  constan- 
cy of  nature's  operations,  and  of  the  adaptation  of  the  external 
worid  to  the  wants  and  happiness  of  organized  beings.  It  is  <  a 
priocipie  superior  to  those  grand  rules  which  we  have  been  accus- 
tomed to  regard  as  constituting  exclusively  the  laws  of  nature,  from 
the  security  which  we  see  in  it,  beyond  the  longest  and  apparently 
most  perfect  periodical  movements  of  our  solar  system.'|  In 
fine,  it  b  probably  the  most  splendid  display  of  the  Divine  skill 
which  the  universe  can  furnish. 

I  have  here  entered  only  upon  the  limits  of  a  wide  field.  I 
cannot  proceed  farther.  The  great  interest  which  every  reflecting 
roan  feels  in  speculations  of  this  kind,  and  the  expectation  of  being 
misunderstood  if  I  entered  into  no  explanation,  (should  these  la- 
bors be  made  public,)  have  led  me  to  venture  thus  far.|| 

«See  Penn's  Comparative  Estimate  of  the  Mineral  and  Mosaical  Geologies,  2 
Vols.  8vo.    2d  Edition,  London,  1825. 

tProf.  Whewell.  Bridgwater  Treatise  p.  158. 

t  Essai  sur  la  Temperature.  De  I'lnlerior  Dela  Terre  par.  M.  Coidier,  p.  84. 

H  The  connection  between  geology  and  the  Mosaical  record  excitesai  the  present 
dav  so  much  interest,  and  so  much  crude  matter  appears  on  the  subject,  that  I  trust 
I  shall  be  pardoned  for  referring  to  those  authors  who  have  treated  upon  it  in  our 
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5.   ORATWACKB. 

This  term,  it  is  well  koowo,  has  occasioned  much  perplexity  in 
geology  ;  and  on  many  accounts,  besides  its  cacophony,  it  would 
be  well  perhaps  to  expunge  it  from  the  science.  Yet  1  could 
find  no  term  more  convenient,  as  a  sort  of  index,  to  an  interesting 
group  of  rocks,  partly  chemical  and  partly  mechanical  in  their 
structure,  occurring  in  several  places  in  the  eastern  part  of  Mas- 
sachusetts. The  varieties  included  in  the  group  are  quite  numer- 
ous ;  and  some  of  them  exceedingly  unlike  the  others  in  compo- 
sition and  appearance.  Among  them  all  it  may  perhaps  be  doubt- 
ed, whether  the  exact  classical  graywacke  of  Werner  can  be  found. 
But  later  geolc^ists  have  given  the  term  a  much  wider  range.  *  It 
designates,  when  taken  in  a  more  general  sense,'  says  Humboldt,* 
'  every  conglomerate,  sandstone,  and  fragmentary  or  arenaceous 
rock  of  transition  formation,  that  is  anterior  to  the  red  sandstone 
and  coal  formation.'  *  Viewed  on  the  large  scale, '  says  De  la 
Beche,t  '  the  graywacke  series  consists  of  a  large  strati6ed  mass 
of  arenaceous  and  slaty  rocks,  intermingled  with  patches  of  lime- 
stone, which  are  often  continuous  for  considerable  distances.'  1 
use  the  term  in  '  the  general  sense'  described  by  Humboldt ;  and 
include  in  it,  both  the  *  graywacke  group, '  and '  the  lowest  fosilif- 
erous  group, '  of  De  la  Beche ;  though  I  am  not  sure  that  our  ae- 
ries embraces  any  limestone.  And  since  the  red  sandstone  does 
not  occur  in  the  eastern  part  of  the  State,  nor  any  other  secondary 
rock,  I  am  not  sure  that  the  series  under  consideration,  ought  to  be 
regarded  as  filling  up  the  whole  space  between  the  red  sandstone 
and  the  primary  rocks.  But  every  geologist  who  examines  this  se- 
ries, sees  at  once  that  some  members  of  it  roust  belong  to  the  old- 
est of  those  rocks  whk:h  some  writers  denominate  tramitum. 

own  day.  In  some  of' the  following  works,  however,  sach  violent  pejndices  are 
manifested,  and  sometimes  such  a  deficient  of  knowledge,  respectmg  practical 
geology,  that  the  reader  need  to  be  well  on  nis  guard  in  their  perosal,  and  to  be 
thoroughly  conversant  with  the  facts  of  the  science. 

Curler's  Theory  of  the  Earth :  Conybeare's  Introduction  to  the  Geology  of 
England  and  Wales;  De  Luc's  Letters  on  the  Physical  History  of  theEuth 
with  De  la  Fitte's  illustrations :  Penn's  ComparatiTe  Estimate  of  the  Mineral 
and Mosaical Geologies:  Fairhohne's  Scriptural Geolqgr:*  The  MosaicaAand 
Mineral  Geologies  Illustrated  and  Compared,  by  W.  M.  Higgins :  Bakewell's 
Geology,  with  additions  by  Prof.  Silliman,  2d  American  Edition :  Dr.  Maeulloch's 
System  of  Geology :  lire's  Geology :  Gleig's  History  of  the  BiMe :  Turner^ 
Sacred  History :  Chalmers  Evidences  of  Christianity :  Dr.  Buckland's  Reliquiae 
Diluvianae:  Rosenmuller  Antiquiss.  telluris  Histona:  Whewell  and  Bell's 
Bridgwater  Treatises:  Knapp's  Theology  Vol.  I.:  Bush's  Notes  on  Gene- 
sis, with  several  articles  in  the  London  Christian  Observer  and  the  Philosophi- 
cal Magazine. 


*  Superposition  of  Rocks,  p.  201. 
t  Geological  Manual,  p.  423. 
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For  the  lower  beds  pass  insensibly  into  primary  rocks  :  and  gen- 
erally, a  chemical  agency  is  qbvious  iu  their  structure^  in  the  veins 
of  quartz  by  which  they  are  frequently  traversed,  and  in  their  semi- 
crystalline  aspect.  There  is,  also,  a  plumbaginous  appearance  in 
the  anthracite  found  in  these  rocks,  which  does  not  exist,  except 
in  the  carbon  of  the  older  intermedial  and  primary  rocks,  and 
which  increases  with  the  age  of  the  rock  in  which  it  occurs.  The 
Rhode  Island  coal  exhibits  more  of  this  character  than  that  of 
Pennsylvania  :  and  that  from  Worcester  appears  much  more  Uke 
mineral  carbon  than  either;  which  gradation  corresponds  with 
the  opinion  1  have  adopted  as  to  the  relative  ages  of  these  several 
coal  formations. 

Upon  the  whole  we  may  be  certain,  I  think,  that  the  formation 
under  consideration  in  Massachusetts  and  Rhode  Island,  is  a  mem- 
ber of  the  series  generally  called  transition.  But  whether  it  is 
precisely  identical  with  any  European  member  of  that  series  I  sup- 
pose we  do  not  yet  possess  the  data  for  determining.  The  only 
Clonic  remains  yet  found  in  this  formation  are  vegetable  ;  which 
will  not  enable  us  even  to  prove  that  it  belongs  to  the  transition 
series,  if  a  remark  of  Al.  Brongniart  be  true,  that '  no  species  of 
plant  has  been  found  in  the  transition  series,  (terrains  hemilysiens^) 
which  being  peculiar  to  that  class,  differs  essentially  from  those 
(bund  in  the  later  rocks.'*  And  we  have  seen  that  Adolphe 
Brongniart  regards  as  belonging  to  the  first  period  of  vegetation, 
all  the  rocks  below  the  new  red  sandstone. 

After  these  explanations,  I  trust  it  will  be  obvious  that  it  is  not 
my  object  to  identify  the  rocks  in  question,  with  the  gray wacke  of 
Europe  :  but  simply  to  describe  them  as  they  are.  And  though 
it  would  be  gratifying  to  find  that  all  our  fragmentary  and  fossilif- 
erous  rocks  correspond  exactly  with  those  of  other  continents, 
yet  I  am  more  and  more  inclined  to  doubt  whether  such  identity 
can  ever  be  made  out.  For  if,  as  we  have  every  reason  to  be- 
lieve, these  rocks  were  deposited  in  the  beds  of  former  seas  and 
lakes,  as  similar  ones  are  now  forming,  why  should  we  not  expect 
as  much  diversity  in  their  composition  and  organic  remains,  in  dif- 
ferent quarters  of  the  globe,  as  we  should  find  in  the  sandstones, 
conglomerates,  and  limestones,  which  would  result  from  the  con- 
solidation and  elevation  of  the  sand,  gravel,  and  calcareous  matter 
that  constitutes  the  bottom  of  existing  seas,  estuaries,  and  lakes  ? 
Should  such  a  consolidation  and  elevation  take  place,  we  might 
perhaps  find  resemblances  enough  between  distant  strata  to  prove 
them  of  contemporaneous  origin,  and  the  result  of  the  same  gen- 
eral causes.  Still,  we  should  undoubtedly  find  much  in  each  group 
of  strata,  of  a  sui  generis  character,  and  not  a  few  groups  entirely 

*  Tableau  des  Terrains,  p.  291. 
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peculiar  and  independent :  though  produced  during  the  same  geo* 
logical  epoch.  Hence,  then,  is  it  not  best  to  direct  one's  chief  ef- 
forts to  give  a  correct  description  of  our  rocks,  rather  than  spend 
the  time  in  attempts  to  identify  them  with  European  formations  ? 
Many  writers  seem  to  feel  as  if  nothing  were  done,  until  this  iden- 
tity be  established.  But  it  may  appear  hereafter,  that  their  labor 
has  been  almost  in  vain.  How  much  toil  and  perplexity  have 
geologists  endured,  in  endeavoring  to  ascertain  whether  particular 
formations  ought  to  be  referred  to  the  transition  class  of  Werner ! 
and  yet,  how  few  geologists  there  are  now,  who  do  not  admit  that 
there  is  scarcely  the  vestige  of  a  foundation  for  this  class  in  nature : 
regarding  its  introduction  into  the  nomenclature,  (in  the  words  of 
Mr.  Greenough*)  like  an  attempt  ^  to  increase  the  Ibt  of  primitive 
colors  by  the  addition  of  mixed  tints,  or  the  list  of  notes  in  music 
by  telling  in  the  flats  and  sharps.' 

In  the  present  case,  however,  waving  all  general  principles  such 
as  have  been  alluded  to,  I  freely  confess  that  I  am  not  thorougly 
enough  acquainted  with  the  formation  which  I  denominate  gray- 
wacke,  to  be  able  to  decide  whether  it  does,  or  does  not,  corres- 
•  pond  with  any  known  European  formation.  Long  and  patient 
study  of  its  organic  remains  and  relative  position,- with  the  advan- 
tage of  a  residence  in  its  vicinity,  ought  to  be  bestowed  upon  it, 
before  we  can  settle  this  question.  On  this  account  I  regard  it  as 
premature  to  describe  as  new,  any  of  its  anomalous  varieties ;  al- 
though some  of  them  differ  so  widely  from  the  general  type  of 
the  group,  that  they  really  deserve  distinct  names,  when  these  can 
be  applied  without  the  danger  of  encumbering  the  science  with 
synonymes.  If  it  be  the  geologist's  object  to  advance  the  science, 
he  ought  to  forego  the  gratification,  and  it  may  be  the  honor,  of 
affixing  new  names  to  anomalous  rocks,  until  they  have  undergone 
a  most  rigid  scrutiny.  Indeed,  in  my  opinion,  very  few  of  the 
rocks  in  this  country,  except  perhaps  the  primary  ones,  have  yet 
been  examined  thoroughly  enough  to  render  it  certain  that  they 
are  so  radically  different  from  those  already  described  in  Europe, 
as  to  deserve  distinct  names.  Whoever  covets  the  ephemeral 
honor  of  applying  them  thus  prematurely,  may  be  sure  that  every 
cautious  and  able  geologist  will  refuse  to  adopt  them  ;  and  will  re- 
gard them  as  more  indicative  of  self-sufficiency  and  vanity,  than  of 
scientific  acumen. 

Mineralogical  Characters  of  the  Oraywacke. 

This  rock  varies  in  texture  from  the  finest  argillaceous  slate  and 
shale,  through  all  the  grades  of  sandstones,  up  to  the  coarsest  con- 
glomerate and  breccia.     The  imbedded  nodules  in  the  coarser  va- 

♦  Qreenough's  Geology,  p,  233. 
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rietieSy  consist  of  almost  every  sort  of  primary  rock  found  in  the 
eastern  part  of  Massachusetts :  and  the  prevailing  cement  is  ar- 
gillaceous: sometimes,  however^  it  is  a  paste  of  compact  feldspar, 
and  at  others  of  mica,  talc,  or  steatite.  Perhaps,  however,  a 
particular  description  of  the  distinct  varieties  of  this  group  will 
convey  the  most  accurate  idea  of  its  characters.  I  begin  with 
those  which  probably  are  most  common,  and  most  forcibly  arrest 
the  attention  of  the  most  unpractised  observer. 

I.  Conglomerates,  The  rounded  nodules  in  the  variety  that 
abounds  most  throughout  the  whole  extent  of  the  formation,  (Nos. 
287  to  292,  and  307,)  particularly  in  Roxbury,  Dorchester,  Digh- 
ton,  Swansey,  and  Somerset,  consist  of  granite,  sienite,  compact 
feldspar,  and  perhaps  hornstone  of  various  colors,  porphyry,  quartz, 
argillaceous  and  flinty  slate,  novaculite,  serpentine,  and  nephrite. 
These  vary  in  size  from  that  of  a  pea  to  two  or  three  feet  in  diam- 
eter. The  cement  appears  to  be  chiefly  the  same  materials  in  a 
comminuted  state :  exhaling,  however,  an  argillaceous  odor  when 
breathed  upon.  Although  the  imbedded  nodules  are  numerous, 
yet  they  have  the  appearance,  as  Mr.  Maclure  describes  the  older 
conglomerates,  ^  as  if  the  cement  at  the  time  of  formation  had  a 
consistence  sufficient  to  prevent  the  particles  from  touching  each 
other.'  The  cement  has  generally  a  semi-crystalline  aspect,  and 
adheres  very  firmly  to  the  nodules.  Sometimes  the  rock  is  trav- 
ersed by  veins  of  quartz,  which  are  attached  quite  strongly  to  the 
rock.  So  thick,  and  often  indistinct,  are  the  strata,  that  the 
Messrs.  Danas  say  that  'no  stratification  has  been  observed  in  this 
Gray  wacke.'*  But  if  one  traverses  the  whole  formation,  he  will 
find  abundant  examples  of  this  structure  ;  and  in  most  places  he 
will  discover  it  by  careful  examination  ;  the  strata  having  in  general 
a  northerly  and  easterly  dip.  This  rock  is  also  intersected  by  nu- 
merous cross  seams,  more  commonly  perpendicular  to  the  layers, 
and  remarkable  for  the  exact  division  which  they  make  of  the  im- 
bedded nodules ;  so  that  one  part  of  tTie  pebble  appears  on  one 
side  of  the  seam,  and  the  other  part  on  the  opposite  side.  Veins 
of  trap,  also,  sometimes  traverse  this  conglomerate;  as  will  be 
particularly  noticed  in  describing  greenstone. 

Another  very  distinct  and  most  remarkable  conglomerate  occurs 
at  the  south  east  extremity  of  Rhode  Island,  in  Middletown,  near 
Secbuest  Beach,  three  miles  east  of  Newport.  (No.  294.)  It  is 
composed  of  elongated  rounded  nodules  of  quartz  rock,  and  quartz 
rock  passing  into  mica  slate,  with  a  cement  of  talcose  slate.  The 
nodules  vary  from  the  size  of  a  pigeon's  egg,  to  four,  and  even  six 
feet  in  their  longest  diameter,  and  constitute  the  great  mass  of 
the  rock.     They  are  so  arranged  that  their  longest  diameters  are 

*Mincraloc:y  and  Gcolocfy  of  Boston  aniVits  vicinity,  1^1^,  p.  94. 
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uaiformly  parallel  to  one  another :  lying  in  a  north  and  south  di- 
rection :  which  corresponds  with  the  layers  of  the  schistose  ce- 
ment, and  also  with  the  general  direction  of  the  strata  in  the  vicin- 
ity. Both  the  nodules  and  the  cement  abound  in  sroall,  distinct, 
octahedral  crystals  of  magnetic  iron  ore. 


The  above  rough  sketch  of  the  southeast  point  of  Rhode  Island, 
will  assist  in  rendering  intelligible  the  relative  positon  of  this  con- 
glomerate, and  also  of  three  or  four  other  varieties  of  this  forma- 
tion to  be  hereafter  described.  About  a  quarter  of  a  mile  from 
the  coast,  three  precipitous  bluffs,  cr,  i,  c,  several  rods  wide,  sep- 
arated by  salt  marshes  from  15  to  20  rods  wide,  rise  one  or  two 
hundred  feet,  trending  northerly,  and  converging;  so  as  apparent- 
ly to  unite  at  no  great  distance.  The  two  most  easterly  ridges 
are  very  steep,  and  exhibit  evidence  of  having  been  powerfully 
abraded..  The  outer  ridges,  a,  c,  consist  of  the  peculiar  conglom- 
erate'above  described  ;  the  central  one  consists  of  a  hard  gray- 
wacke  slate,  and  a  very  singular  and  puzzling  rock,  which  I  shall 
venture  to  describe  as  an  amphibolic  aggregate.  (No.  371.)  Half 
a  mile  southeast  is  an  aggregate  of  quartz  and  mica  to  be  described 
in  the  sequel. 

So  much  of  the  topography  of  these  rocks,  by  way  of  anticipa- 
tion, seemed  necessary  in  order  to  explain  the  peculiar  structure 
of  the  conglomerate.  The  layers  of  the  graywacke  slate  and 
amphibolic  aggregate  rgn  north  and  south,  and  dip  west,  from  60^ 
to  70°.  Andlhis,  as  already  mentioned,  is  the  direction  in  which 
the  nodules  and  schistose  layers  of  the  cement  of  the  conglomer- 
ate are  placed.  But  no  strata  seams  are  to  be  seen  correspond- 
ing to  the  dip  and  direction  of  the  slate.     Yet  the  conglomerate 
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is  divided  into  horizontal  layers,  from  six  to  ten  feet  thick ;  and 
also  by  fissures  running  east  and  west,  perpendicular  to  the  horizon, 
and  parallel  to  one  another,  from  10  to  20  feet  apart.  These 
fissures  divide  the  thick  masses  of  conglomerate  so  perfectly,  that 
they  seem  as  if  cut  through  by  the  sword  of  some  Titan.  The 
nodules  through  which  the  fissure  passes,  are  divided  very  neatly, 
and  the  parts  present  even  surfaces,  so  as  to  give  the  rock  a  quite 
peculiar  aspect.  At  the  southern  extremity  of  the  eastern  rami- 
fication of  the  range  of  hills  above  described,  an  immense  quantity 
of  the  conglomerate  has  been  carried  away  by  former  diluvial  ac- 
tion, and  the  present  bluff  is  terminated  by  a  perpendicular  wall, 
exhibiting  this  bisection  of  the  nodules  in  a  most  striking  manner. 
On  account  of  the  size,  number,  and  parallel  position  of  these 
nodules,  this  singular  instance  of  fracture  is  much  more  remarka- 
ble than  in  the  variety  of  conglomerate  first  described. 

No  one  can  view  this  phenomenon  without  inquiring  immedi* 
ately  into  its  cause.  And  it  is  obvious  at  first  thought,  that  this 
division  of  the  strata  must  have  taken  place  since  their  perfect 
consolidation :  otherwise  the  nodules,  instead  of  breaking,  would 
bave  been  drawn  out  of  the  paste.  Nor  could  mere  desiccation 
have  produced  such  an  effect,  for  the  same  reason.  Nor  does 
any  hypothesis  afford  to  my  mind  the  least  satisfaction,  except 
that  which  supposes  these  fractures  to  have  resulted  from  a  pow* 
ful  force,  acting  at  right  angles  to  the  meridian,  beneath  the  con- 
glomerate, after  its  consolidation.  And  when  we  find  large  de- 
posites  of  granite  in  the  vicinity,  we  have  ascertained  the  existence 
of  a  power  adequate  to  such  an  effect :  although  we  might  resort 
to  the  hypothesis  of  Elie  de  Beaumont,  which  has  of  late  excited 
so  much  interest,  and  which  imputes  most  of  the  fractures  and 
dislocations  of  the  earth's  crust  to  the  secular  refrigeration  of  its 
internal  parts,  whereby  its  outward  envelope  becomes  too  large  and 
partially  plicated. 

Another  important  fact  in  respect  to  the  conglomerate  under 
consideration,  is  the  occurrence  in  it  of  numerous  veins  of  quartz. 
Some  of  them  are  not  less  than  a  foot  wide ;  and  they  are  fre- 
quently branched.  These  veins  separate  the  imbedded  nodules, 
and  are  chemically  united  to  the  divided  portions.  These  veins 
and  the  semi-crystalline  aspect  of  the  cement  of  this  rock,  prove 
it  to  be  one  of  the  oldest  of  the  varieties  which  I  have  included 
imder  the  term  graywacke. 

2.  Breccias.  These  are  distinguished  from  the  conglomerates 
by  the  angular  shape  of  the  imbedded  fragments.  One  variety 
(Nos.  296,  297,)  consists  of  fragments  of  reddish  and  ash  colored 
argillaceous  slate,  united  by  an  argillaceous  or  an  arenaceous  ce- 
ment. This  aggregate  is  slaty,  and  the  cement  has  a  porphyritic 
appearance.     1  have  observed  it  only  in  a  few  places  ;  as  at  Na- 
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tick  tnd  Randolph.  Another  variety,  approaching  to  slaty  por- 
phyry, appears  to  be  composed  chiefly  of  compact  feldspar,  united 
by  a  cement  of  corominuted  porphyry.  This  was  found  also  in 
Natick.  (No.  298.)  A  third  variety,  (No.  299,)  of  which  I 
found  only  a  bowlder  in  Saugus,  consists  of  gray  compact  feldspar 
(?)  and  indurated  wacke.  (?)  A  fourth  consists  of  fragments  of 
gray  and  yellowish  green  compact  feldspar,  united  by  an  unknown 
dark  colored  cement.  (No.  300.)  The  yellowish  green  variety 
appears  as  if  colored  by  epidote.  This  most  singular  rock  occurs 
at  the  head  of  Nantasket  Beach,  in  Cohasset ;  and  when  its  ledg- 
es are  moistened  by  the  spray,  they  present  a  most  fantastic  and 
really  a  very  splendid  appearance,  resembling  exceedingly  varie- 
gated serpentine.  The  rock  exhibits  no  regular  strata,  although 
divided  like  the  unstratified  rocks  generally  by  numerous  seams. 
It  is  associated  with  a  conglomerate,  similar  to  the  variety  first  de- 
scribed above,  and  I  suspect  it  to  be  the  rock  marked  in  Cohasset, 
on  the  map  of  the  Messrs.  Danas,  as  '  Petrosilex.'  If  large  blocks 
can  be  obtained  and  it  will  admit  of  being  polished,  it  will  furnish 
an  elegant  ornamental  stone. 

The  conglomerate  just  mentioned,  as  associated  with  the  brec- 
cia at  the  head  of  Nantasket  Beach,  extends  into  Hingham  ;  and 
both  in  Cohasset  and  Hingham,  it  assumes  a  character  intermedi- 
ate between  puddingstone  and  breccia,  by  taking  into  its  composi- 
tion angular  and  partly  rounded  masses  of  porphyry,  greenstone, 
and  amygdaloid.  These  are  sometimes  so  numerous,  that  the 
rock  might  easily  be  mistaken  for  a  variety  of  trap.  Neither  this 
rock  nor  the  conglomerate,  of  which,  indeed,  it  fqrms  a  part,  ex- 
hibit, so  far  as  I  could  perceive,  any  evidence,  of  stratification : 
although  being  a  rock  of  mechanical  origin,  it  is  undoubtedly  strat- 
ified. 

As  we  pass  from  the  range  of  porphyry  and  compact  feldspar 
on  the  south  of  Boston  towards<the  graywacke,  and  if  I  mistake 
not  at  the  junction  of  the  two  rocks,  (e.  g.  in  Dorchester  *  and 
Canton,)  we  meet  with  a  rock  of  a  peculiar  character,  whose  ori- 
gin appears  to  be  in  part  mechanical.  The  compact  feldspar 
seems  to  have  sufifered  some  degree  of  abrasion  after  its  consolida- 
tion, and  the  fragments  to  have  been  reconsolidated  into  a  rock 
more  or  less  slaty,  with  the  admixture  of  but  few  foreign  ingredi- 
ents. (No.  301,  302.)  It  would  seem  to  have  been  partially 
fused  the  second  time  ;  or  perhaps  it  might  have  been  produced 
by  the  partial  cooling  of  the  compact  feldspar  at  its  junction  with 
the  graywacke,  as  it  was  forced  through  that  rock  while  in  a  melt- 
ed state.  This  would  account  for  its  semi-brecciated  aspect  and 
slaty  structure,  and  the  occasional  presence  of  foreign  ingredients. 
But  this  rock  deserves  a  more  careful  examioatiQu  than  I  have  been 
able  to  give  it. 
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Our  compact  feldspar  is  slatj  in  some  other  places ;  as  at  New- 
bury ;  but  it  does  not  appear  to  have  been  recoraposed. 

3.  Quartz  Rock.  I  thus  denominate  two  or  three  singular 
varieties  of  rock  in  the  formation  under  consideration,  because 
quartz  is  their  predominant  ingredient. 

The  most  remarkable  of  these  varieties  is  developed  very  dis- 
tinctly at  the  southern  extremity  of  Rhode  Island  ;  as  may  be 
seen  by  the  sketch  already  given  of  that  portion  of  the  Island. 
It  consists  of  coarse  grains  of  hyaline  quartz,  of  a  purple  color, 
passing  to  deep  blue  and  black,  with  talc  or  mica  ;  (it  is  difficult 
to  say  which ;)  the  materials  having  a  schistose  arrangement. 
(Nos.  303  to  306.  The  quartz  bears  a  strong  resemblance  to  pe- 
liom,  and  constitutes  a  large  part  of  the  rock.  The  aggregate  ex* 
hales  an  argillaceous  odor  when  breathed  upon. 

This  same  rock  may  be  seen  at  the  meuth  of  Fall  River,  in 
Troy,  where  it  is  associated  with  an  ai^illaceous  slate,  passing  into 
mica  slate,  and  of  a  quite  dark  color  from  the  carbonaceous  matter 
it  contains.  At  this  place,  this  slate  and  quartz  rock  are  contigu- 
ous to  granite  ;  und  they  may  be  seen  in  Tiverton,' lying  directly 
upon  the  granite.  In  Newport,  also,  granite  cannot  be  far  distant 
from  the  same  rock.  Do  not  these  facts  furnish  a  clue  to  the 
origin  of  the  dark  color  of  the  quartz  ?  Was  it  not  penetrated  by 
the  carbonaceous  matter  of  the  black  slate,  while  in  a  state  of 
partial  fusion  by  the  action  of  the  melted  granite  ? 

There  can  be  no  doubt  but  the  quartzose  rock  above  described, 
is  one  of  the  oldest  of  the  graywacke  formation.  Its  position  in 
respect  to  the  granite  is  proof  of  this.  In  Newport  it  lies  between 
the  very  ancient  conglomerate  that  has  been  described,  and  the 
granite  ;  although  tlie  granite  does  not  appear,  I  believe,  till  we 
cross  an  arm  of  the  sea  into  Little  Compton. 

Another  aggregate,  in  this  formation,  which  may  be  called 
quartz  fx)ck,  consists  of  red  or  reddish  hyaline  quartz,  somewhat  in 
grains^  with  a  small  quantity  of  mica,  so  that  the  rock  always  has 
more  or  less  of  a  slaty  structure ;  though  this  is  not  always  seen 
but  by  close  examination.  (Nos.  309  to  318.)  In  some  instances 
its  layers  become  quite  thin,  in  consequence  of  an  increase  of  the 
mica :  but  they  are  still  genuine  strata  ;  for  these  layers  have  a 
schistose  structure,  not  coincident  with  their  surfaces^.  This  red 
quartz  rock  exceedingly  resembles  red  sandstone  at  a  little  dis- 
tance :  but  when  closely  examined,  it  is  found  to  consist  chiefly  of 
red  hyaline  quartz,  which  exhibits  little  evidence  of  a  mechanical 
mode  of  production.  It  passes  into  a  structure  distinctly  conglom- 
erated, and  may  perhaps  be  the  equivalent  of  Dr.  Macculioch's 
<  primary  red  sandstone  ;'  though  I  have  no  evidence  that  it  alter- 
nates with  any  primary  rock  :  and  it  contains  no  feldspar. 

Sometimes  this  rock  abounds  with  veins  of  quartz  giving  it  a 
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very  rich  appearance.  I  have  noticed  these  veins  most  numer- 
ously in  the  south  part  of  Wrenthani,  near  the  place  of  explora- 
tions for  coal.    ^No.  318.) 

4.  Talcose  A^gregatey  (Steachist  ?  Phillips  and  Wood^  (Nos. 
320  to  323.)  This  is  a  slaty  rock,  composed  of  grains  of  quartz 
and  sometimes  feldspar,  with  talc  or  steatite.  It  lies  between  the 
red  quartz  rock  and  the  primary  rocks  in  Walpole ;  though  not, 
therefore,  older  than  the  quartz  rock  ;  since  the  dip  of  both  is  such 
there,  as  to  bring  the  talcose  rock  uppermost.  It  often  exhibits 
distinct  fragments  of  previous  rocks,  and  passes  into  a  breccia  or 
conglomerate ;  as  in  a  quarry  in  Cambridge,  two  miles  west  of  the 
University.  It  is  not  abunctant  in  the  graywacke  formation ; 
though  many  of  the  oldest  varieties  of  this  formation  have  a  talcose 
appearance. 

5.  Classical  Graywacke,  I  mean  by  this  term  to  designate 
the  rock  described  by'  Werner's  ablest  commentator,  Professor 
Jameson.  He  says  that  Graywacke  '  is  composed  of  angular  or 
other  shaped  portions  of  quartz,  feldspar,  Lydian  stone,  and  clay 
slate,  connected  together  by  means  of  a  basis  or  ground  of  the 
nature  of  clay  slate,  which  is  often  highly  impregnated  with  silica, 
thus  giving  to  the  mass  a  considerable  degree  of  hardness.  The 
imbedded  portions  vary  in  size,  but  seldom  exceed  a  few  inches 
in  breadth  and  thickness.'  Brochant  does  not  include  in  the  term 
graywacke,  any  variety  of  rock  '  whose  grains  exceed  the  size  of  a 
hazle  nut.'  Hence  the  conglomerates  that  have  been  described 
above,  cannot  be  regarded  as  classical  graywacke.  This  is  the 
opinion  of  Professor  Webster ;  *  whose  opportunities  for  a  per- 
sonal examination  of  European  graywacke,  give  his  decision  on 
this  point  great  weight.  But  associated  with  these  conglomerates, 
we  have  rocks  of  a  much  6ner  grain,  whose  composition  corres- 
ponds essentially  with  the  above  definition  ;  (Nos.  324  to  334,) 
although  every  ingredient  may  not  in  all  cases  be  present.  Some- 
times the  mass  is  colored  red  by  the  presence  of  the  red  oxide  of 
iron  ;  as  in  Attleborough.  But  more  commonly  it  is  gray,  as  in 
Rehoboth.  It  often  becomes  fine  grained  and  passes  into  gray- 
wacke slate,  as  at  the  quarries  in  Pawtucket ;  where  it  is  traversed 
by  numerous  veins  of  quartz  mixed  with  calcareous  spar. 

6.  Graywacke  Slate,  This  variety  of  rock  is  quite  common  in 
this  formation.  Its  colors  are  either  gray  or  red  ;  and  it  appears 
to  be  composed  in  a  great  measure  of  wacke.  Mica,  however, 
sometimes  enters  into  its  composition.  Its  structure  is  always 
slaty  :  but  the  layers  are  much  more  irregular  and  tortuous  than 
those  of  argillaceous  slate,  and  its  aspect  more  cartliy ;  though  it 
is  no  easy  matter  to  draw  a  lino  between  ihcm.  It  is  traversed 
frequently  by  veins  of  quartz.   (Nos.  335  to  346.) 

•  Bt»ston  Journal  of  Philosophy  ami  the  Arts,  Vol.  I.  p  *389. 
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7.  ArgUlaceaui  Slate.  The  argillaceous  slate  ia  the  eastern 
part  of  the  State  is  so  intimately  connected  with  the  varieties  of 
rock  above  noticed,  that  it  ought  in  justice  to  be  described  as  one 
of  the  members  of  the  graywacke  group  ;  although  marked  as  a 
distinct  deposite  on  the  Map.  That  this  is  one  of  the  oldest  va- 
rieties of  this  group,  I  have  no  doubt ;  but  certainly  not  older 
than  some  that  have  been  mentioned,  I  am  aware  that  fragments 
of  this  slate  occur  in  one  of  the  varieties  of  conglomerate  that 
have  been  described ;  and  this  not  only  shows  the  posterior  pro- 
duction of  the  latter,  but  renders  it  doubtful  whether  both  rocks 
were  produced  during  the  same  geological  epoch.  «3ut  with  the 
knowledge  that  I  possess  of  this  series  of  rocks,  I  fear  that  an  at- 
tempt to  divide  them  would  only  introduce  confusion  into  my  ac- 
count. I  would  not  pretend  to  a  degree  of  accuracy  to  which  I 
have  not  attained. 

I  have  no  doubt  that  this  argillaceous  slate  is  the  ^  transition 
clay  slate '  of  the  Wernerians,  which  they  describe  as  associated 
with  graywacke.  In  various  places  in  Rhode  Island  and  Massa- 
chusetts, it  is  highly  impregnated  with  carbonaceous  matter,  so  aa 
to  become  black ;  and  it  usually  forms  the  floor  and  roof  of  the 
beds  of  anthracite.  In  general  its  color  is  dark  gray,  passing  to 
blue :  sometimes  of  a  chocolate  color,  and  sometimes  red.  It  is 
rarely  fissile  enough  to  be  employed  for  roofing,  and  frequently  its 
layers  are  two  or  three  inches  thick.  The  laminae,  or  rather  strata, 
are  sometimes  much  curved ;  as  on  Rainsford  island,  in  Boston 
harbor.  Not  unfrequently  it  passes  into  an  imperfect  no vaeulite; 
as  in  Charlestown,  Roxbury,  Weymouth,  Newbury,  and  some  of 
the  outer  islands  in  Boston  harbor.  (Nos.  357  to  370.) 

8.  Amphibolic  Aggregate.  (No.  374.)  Nothing  is  more  diffi- 
cult in  many  cases,  than  to  determine  the  nature  of  the  semi-crys- 
talline minerals  entering  into  the  composition  of  some  of  the  inter- 
mediary rocks.  They  seem  to  iiave  undergone  some  chemical 
process,  which  has  not  been  thorough  enough  to  give  them  a  fully 
developed  character.  In  the  present  instance  the  mass  appears 
decidedly  crystalline  ;  yet  I  am  iu  serious  doubt  whether  amphi- 
bole  is  the  dark  green  mineral  in  it  that  exhibits  a  crystalline 
structure.  Another  part  of  the  rock  presents  an  argillaceous  as- 
pect and  exhales  an  argillaceous  odor  when  breathed  upon.  But 
had  I  found  it  among  primary  rocks,  I  should  have  regarded  it  as 
by  no  means  an  anomaly  there :  especially  after  finding  in  it  a 
vein,  four  inches  wide,  of  crystallized  zoisite.  Yet  the  position 
of  this  rock,  which  has  already  been  pointed  out,  in  describing 
the  conglomerate  of  the  southeast  part  of  Rhode  Island,  clearly 
proves  it  to  be  a  member  of  what  I  call  the  graywacke  series  : 
for  it  is  situated  between  graywacke   slate  and  conglomerate. 

9.  Varioloid  fVacke.      The  rock  which  1  thus  designate,  has 

32 
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generally  been  regarded  by  those  who  have  described  the  geology 
of  Boston  and  its  vicinity,  as  amygdaloid.  But  it  seems  to  me 
that  there  are  insuperable  objections  against  the  supposition  that 
the  nodules  in  general  were  introduced  by  infiltration,  or  even  sub- 
limation ;  the  only  modes  by  which  geologists  suppose  the  cavi- 
ties of  amygdaloid  were  filled.  For  they  consist  generally  of 
rounded  masses  of  compact  feldspar;  a  substance  which  must  cer- 
tainly have  been  the  result  of  igneous  fusion.  On  the  other  hand, 
the  rounded  form  of  these  nodules,  and  their  non-crystalline 
structure  in  general,  forbid  the  arrangement  of  this  rock  along 
with  the  porphyries.  But  some  writers  regard  variolites  as  rather 
intermediate  between  porphyry  and  amygdaloid,*  and  such  I  sup- 
pose to  be  the  character  of  the  rock  nnder  consideration.  By  the 
term  varioloid,  I  intend  merely  to  designate  the  external  aspect 
of  the  rock ;  since  the  mode  of  its  formation  seems  involved  iu 
much  obscurity :  but  its  variolous  appearance  none  can  deny. 

Brochant  describes  wacke  as  ^  a  substance  intermediate  betweea 
basalt  and  clay.'  This  description  will  apply  to  the  base  of  the 
varioloid  rock  under  consideration.  It  is  found  in  Brookline, 
Newton,  Needham',  Hingham,  Brighton,  and  Saugus.  But  its 
roost  important  varieties  are  found  in  the  three  latter  places,  and 
deserve  a  particular  description. 

In  Brighton,  the  wacke  is  of  a  chocolate  color,  and  quite  hard. 
The  nodules  are  mostly  rounded,  and  of  the  size  of  a  pea  ;  but 
sometimes  they  are  much  larger  and  irregular,  approaching  to  the 
form  of  veins.  Compact  feldspar,  epidote,  calcareous  spar,  and 
quartz  are  the  principal  minerals  of  which  they  are  composed. 
Sometimes  the  external  part  of  the  nodule  is  compact  feldspar,  or 
calcareous  spar,  and  the  central  part  epidote :  and  sometimes 
quartz  occupies  the  centre,  invested  by  epidote.  The  epidote  is 
crystalized,  although  the  cavities  are  in  almost  every  instance 
entirely  filled.  The  foliated  structure  of  the  feldspar,  and  espec- 
ially of  the  calcareous  spar,  is  not  unfrequently  visible,  though 
generally  these  minerals  are  compact,  and  very  hard.  But  the 
two  last  seem  to  be  strangely  blended,  as  if  they  had  been  partially 
melted  together.    (Nos.  373,  377.) 

At  a  quarry  about  a  mile  southwest  of  Brighton  meeting  house, 
this  varioloid  rock  may  be  seen  passing  into  conglomerate,  showing 
that  it  is  only  a  variety  of  the  gray  wacke  formation. 

At  Hingham,  the  greater  part  of  this  rock  is  of  a  deeper  red 
than  that  at  Brighton  ;  though  some  of  it  is  of  a  light  gray.  The 
basis  is  harder,  owing  perhaps  to  a  mixture  of  compact  feldspar. 
The  nodules  vary  in  size  from  that  of  a  pea  to  that  of  an  almond  ; 
and  consist  of  brownish  red  and  greenish  compact  feldspar,  with 

♦  Traiie  de  Mineralogie,  Par.  T.  S.  Beudant,  (Paris,  1830,)  Vol.  I.  p.  569. 
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carbonate  of  lime  mixed  with  the  latter,  or  in  separate  folia. 
Not  uofrequentl/  the  red  compact  feldspar  encloses  the  green, 
like  that  in  Brighton.  This  rock  is  associated  with  a  conglom- 
erate of  the  gray  wacke  formation.  TNo.  874.) 

At  the  head  of  Nantasket  Beacti,  I  found  a  rolled  mass  (No. 
375)  of  the  varioloid  rock,  whose  base  is  brownish  gray,  and  the 
nodules  a  greenish  compact  feldspar. 

In  Needham,  this  rock  has  a  somewhat  slaty  structure,  is  hard, 
and  contains  distinct  crystals  of  feldspar  of  a  light  green  color. 
(No.  378.)  But  as  the  basis  is  obviously  wacke,  exhaling  an 
argillaceous  odor,  I  can  hardly  persuade  myself  to  place  it  among 
the  porphyries.  Suppose  this  Needham  rock  were  to  be  subject 
to  a  degree  of  heat  sufficient  to  fuse  the  feldspar,  without  essen- 
tially altering  the  wacke,  I  inquire  whether  the  result  would  not 
be  a  rock  very  similar  to  some  varieties  that  have  been  described 
as  varioloid  wacke.  And  may  not  this  have  been  the  mode  in 
which  some  of  that  rock  was  produced  ? 

The  most  remarkable  of  the  varioloid  rocks  which  I  am  de- 
scribing, occurs  at  Saugus.  Near  the  centre  of  the  place,  and 
surrounded  by  granite,  we  find  a  rock,  forming  a  hill  one  or  two 
hundred  feet  high,  composed  of  a  basis  of  green  wacke  and  im- 
bedded nodules  of  white  compact  feldspar,  with  an  occasional 
mixture  of  carbonate  of  lime.  The  nodules  are  rarely  so  large  as 
a  bullet ;  more  commonly  about  the  size  of  small  peas,  and  in 
some  parts  of  the  rock  so  very  numerous  that  it  seems  hardly 
possible  they  could  have  been  infiltrated  into  cavities  previously 
made.  (No.  372.)  The  basis  is  a  pleasant  green.  I  saw  no 
conglomerate  or  other  variety  of  gray  wacke  in  the  vicinity. 

It  is  obvious  from  the  preceding  descriptions,  that  in  some  in- 
stances— particularly  at  Brighton — the  nodules  of  this  varioloid 
rock  must  have  been  at  least  partially  formed  by  the  infiltration  of 
earths  from  a  watery  solution :  but  it  would  seem  that  this  was 
only  a  part  of  the  process.  For  it  is  difficult  to  conceive  how 
such  minerals  as  compact  feldspar  and  carbonate  of  lime  could 
have  been  deposited  in  a  compact  form  from  a  watery  solution ; 
since  they  crystallize  with  so  much  readiness.  It  seems  to  me 
that  we  must  call  in  the  agency  of  heat,  after  the  infiltration  took 
place,  by  which  the  crystals  might  be  converted  into  a  compact 
mass,  and  all  the  cavities  be  filled,  as  they  are  in  almost  every 
instance :  and  if  we  suppose  granite,  sienite,  &C.  to  have  had  an 
igneous  origin,  we  can  be  at  no  loss  to  provide  for  the  requisite 
heat.  I  had  been  rather  disposed  to  regard  much  of  this  rock  as 
an  example  of  the  solid  concretionary  structure,  especially  that  at 
Saugus.  But  the  occasional  evidence  of  infiltration  led  me  to 
abandon  that  hypothesis.  If  the  one  hinted  at  above  is  more 
satisfactory,  I  shall  be  gratified.  The  subject  is  certainly  involved 
in  much  obscurity. 
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10.  Flinty  Slate.  11.  Chert,  12.  Jasper.  1  regard  these 
rocks  as  varieties  of  other  rocks,  altered  by  the  proximity  of 
granite,  porphyry,  or  trap:  and  in  Massachusetts  they  are  merely 
altered  varieties  of  the  graywacke  formation  that  has  been  here 
described.  Hence  I  shall  treat  of  them  in  this  place.  The  saga- 
cious observations  of  Dr.  Macculloch  concerning  the  origin  of 
these  rocks,*  receive  strong  confirmation  from  their  situation  in 
New  England.  And  since  this  is  a  subject,  concerning  which 
geologists  are  as  yet  not  entirely  agreed  in  opimon,  I  shall  exhibit 
the  relative  position  of  these  rocks  as  intelligibly  as  possible,  from 
the  examinations  of  them  which  I  have  been  able  to  make. 

Flinty  Slate^  or  Siliceous  Schist. 

This  rock  I  have  found  only  in  two  places  in  the  district  which 
I  am  describing ;  viz.  in  Newport,  R.  I.  and  on  the  promontory 
of  Nahant.  It  is  interesting,  however,  that  in  the  former  place  it 
occurs  contiguous  to  granite,  and  in  the  latter,  to  trap. 

It  is  not  this  slate  alone  which  in  Newport  exhibits  the  influ- 
ence of  the  proximity  of  granite  :  and  it  will  save  space  to  give  an 
account  here  of  the  whole  of  this  interesting  spot,  to  which  I  was 


conducted  by  Col.  Joseph  G.  Totton  of  the  U.  S.  army,  who  has 
become  familiar  with  the  geology  of  that  region,  and  to  whose 
polite  attentions  I  am  much  indebted. 


♦System  of  Gcolni^ry,  Vul.  1.  Chapter  XL. 
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The  preceding  rough  sketch  of  the  southwest  part  of  Newport, 
will  give  a  correct  idea  of  the  relative  position  and  extent  of  the 
four  or  five  rocks  which  are  there  associated,  on  a  surface  of  four 
or  five  square  miles ;  viz.  granite,  flinty  slate,  graywacke  slate, 
limestone,  serpeutine,  and  jasper.  The  flinty  slate,  it  will  be 
seen,  occupies  a  considerable  space  immediately  contiguous  to  the 
granite,  and  it  is  separated  from  the  graywacke  slate  on  its  west 
side,  by  a  small  ravine.  The  flinty  slate  exhibits  various  degrees 
of  induration,  and  more  or  less  of  a  mixture  of  difierent  minerals. 
One  variety  has  a  gray  color,  an  imperfectly  conchoidal  somewhat 
splintery  fracture,  and  is  rendered  porphyritic  by  small  grains  of 
hyaline  quartz.  Another  dark  gray  variety  exhibits  greenish  and 
white  clouds.  A  third  has  a  reddish  base  of  an  earthy  aspect 
and  fracture,  less  hard  than  the  preceding,  and  contains  numer- 
ous light  colored,  rounded  masses,  resembling  homstone,  from  the 
size  of  a  pin's  head  to  that  of  a  musket  bullet;  giving  it  an 
amygdaloidal  aspect.  If  hard  enough  to  receive  a  polish,  it  would 
Ibrm  an  elegant  ornamental  stone.  A  third  variety  exhibits  a 
semi-crystalline  aspect,  and  contains  minute  scales  of  mica.  This 
variety  is  traversed  by  veins  of  granite,  composed  of  quartz  and 
flesh-colored  feldspar.    (Nos.  380  to  383.) 

For  the  most  part,  this  rock  exhibits  scarcely  no  marks  of 
stratification.  But  not  unfrequently,  even  in  the  most  highly  in- 
durated masses,  the  traces  of  a  former  slaty  structure  are  distinctly 
visible.  In  short,  it  is  quite  obvious,  that  it  is  the  graywacke 
slate,  which  has  been  subject  to  a  heat  so  powerful  as  to  indurate, 
and  for  the  most  part,  to  melt  it.  I  think  it  would  be  easy  to 
collect  specimens  exhibiting  almost  every  gradation  from  gray- 
wacke slate  to  flinty  slate. 

In  the  southeastern  part  of  the  above  sketch,  the  granite  cuts 
oflT  the  graywacke  slate  at  right  angles  to  the  general  course  of 
the  layers :  and  the  slate  is  indurated  only  a  few  feet  from  the 
junction.  The  junction  between  the  granite  and  the  siliceous 
slate  is  obvious  in  several  places,  particularly  at  a  ledge  at  the 
southwest  extremity  of  the  granite :  and  the  two  rocks  are  so 
firmly  united  as  to  separate  no  easier  than  in  any  other  direction. 

The  graywacke  slate  of  this  spot  has  generally  the  shining  or 
glazed  appearance  of  the  oldest  varieties  of  argillaceous  slate : 
but  in  the  extensive  excavations  that  have  been  made  in  it  for 
the  construction  of  Fort  Adams,  we  see  frequent  examples  of  a 
brecciated  or  conglomerated  structure.  It  is  also  traversed  by  nu- 
merous small  veins  of  white  quartz,  sometimes  combined  with 
flesh  colored  feldspar. 

The  serpentine  is  separated  from  the  granite  by  a  strip  of  flinty 
slate.  At  its  eastern  extremity  it  seems  to  lie  between  the  flinty 
slate  and  the  graywacke  slate,  and  to  have  a  stratified  structure. 
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But  it  probably  extends  to  the  ^iithwest,  (as  sfaown  oo  the  sketch 
by  the  crosses,)  so  as  to  cut  across  the  northwestern  point  of  the 
siliceous  slate.  A  valley  passes  through  the  flinty  slate  in  the  di- 
rection in  which  the  serpentine  runs,- and  at  its  extremity,  serpen- 
tine appears  in  small  masses  attached  to  the  flinty  slate.  It  prob- 
ably forms  a  sort  of  vein  in  the  slate,  though  hid  by  the  loose  soil, 
and  at  its  northeastern  extremity  the  graywacke  slate  lies  immedi- 
ately north  of  it,  as  shown  on  the  preceding  sketch.  I  am  in- 
clined to  believe,  however,  that  the  serpentine  was  originally  in- 
terstratiQcd  with,  or  formed  a  bed  (if  that  term  conveys  any 
definite  meaning,)  in  graywacke  slate;  though  the  extreme  de- 
gree of  contortion  in  the  slate,  where  the  two  rocks  join,  renders 
it  not  easy  to  decide  that  point.  The  serpentine  is  compact,  very 
hard,  and  df  a  very  dark  color.  It  might  easily  be  mistaken  for 
greenstone. 

The  limestone  forms  a  small  island,  a  little  distance  north  of 
the  serpentine  ;  also  a  small  point  projecting  into  the  harbor,  near 
Fort  Adams.  It  is  entirely  destitute  of  stratification,  is  peifectl/ 
compact,  and  nearly  as  hard  as  quartz.  Its  general  color  is  a 
grayish  white  ;  but  it  abounds  in  gray  spots,  which  resemble  chert. 
(No.  495.)  Indeed,  the  whole  mass  seems  to  be  well  advanced 
in  the  process  of- conversion  into  that  substance.  This  seems  to 
be  the  case  referred  to  by  Dr.  MaccuUocb,  when  he  says;  'an 
attempt  to  the  production  of  this  rock  (chert)  is  often  observed 
where  the  process  is  still  incomplete  ;  and  it  is  evinced  by  the  ex- 
treme hardness  which  such  limestones  exhibit  in  the  vicinity  of 
granite.'  *  He  refers  here  to  the  primary  limestones,  which  are 
intermingled  with  siliceous  and  argillaceous  matter :  and  that  the 
limestone  at  Newport  is  primary,  in  the  sense  in  which  Dr.  Mac- 
culloch  uses  the  term,  is  evident  from  the  fact,  that  near  the  ser- 
pentine, a  portion  of  it  is  seen  in  the  form  of  a  bed,  between  the 
layers  of  graywacke  slate :  and  the  limestone  associated  with  this 
rock,  is  precisely  the  kind  that  is  apt  to  contain  a  considerable 
proportion  of  siliceous  and  argillaceous  matter.  In  ordinfiry  cases, 
limestone  is  rendered  more  crystalline  by  the  proximity  of  granite  : 
but  where  a  certain  proportion  of  argillaceous  and  siliceous  mat- 
ter is  contained  in  it,  the  effect  of  heat  will  be  to  render  it  more 
hard  and  compact. 

A  portion  of  the  graywacke  slate  near  Fort  Adams  is  converted 
into  jasper.  But  a  more  particular  description  must  be  deferred 
till  I  have  finished  what  I  have  to  say  concerning  flinty  slate  and 
chert.  I  shall  also  have  occasion  to  speak  again  of  the  striking 
evidence,  which  the  group  of  rocks  above  described  in  Newport 
furnishes  of  the  igneous  origin  of  granite. 

♦  System  of  Geology,  Vol.  II.  p.  285. 
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Flinty  Slate  of  Nahant, 

The  greater  part  of  this  promontory  is  sienite.  But  enough  of 
the  ai^illaceous  slate  remains  at  its  southeastern  extremity,  to  show 
the  geologist  the  infiuenee  of  trap  veins  in  passing  through  it. 
These  are  quite  numerous,  both  in  the  slate  and  in  the  sienite  ; 
and  sometimes  the  greenstone  is  intruded  laterally  between  the 
strata  of  slate,  in  the  form  of  beds.  Yet  the  general  dip  and  di- 
rection of  the  slate  appear  to  be  but  little  affected  by  these  veins, 
although  they  frequently  constitute  more  than  half  the  rock.  For 
the  basset  edges  of  the  slate  run  nearly  east  and  west,  and  dip 
northerly ;  which  corresponds  with  the  general  direction  and  dip 
of  the  argillaceous  slate  in  that  region.  Nearly  all  the  slate,  how- 
ever, on  this  promontory  is  much  indurated ;  and  a  considerable 
proportion  of  it  converted  into  genuine  flinty  slate.  The  slaty 
structure  is  rarely  lost,  except  at  the  junction  of  the  greenstone 
and  slate,  where  the  two  rocks  are  so  intimately  blended,  that  it  is 
not  easy  to  fix  upon  the  spot  where  either  of  them  commences. 
This  corresponds  with  the  opinion  of  Dr.  Macculloch,  that  noth- 
ing but  the  requisite  degree  of  heat  \i  necessary  to  convert  argilla- 
ceous slate  into  greenstone.  (Nos.  383  to  385.) 

Chert. 

I  have  already  described  a  conatus  for  the  production  of  chert 
from  the  Newport  limestone.  But  at  Nahant  the  process  seems 
in  some  cases  to  be  nearly  or  quite  completed.  One  observes 
there,  that  a  considerable  proportion  of  the  flinty  slate  contains 
layers  of  a  light  gray  substance,  somewhat  resembling  in  aspect 
and  fracture,  certain  varietes  of  pottery.  (No.  386.)  On  exam- 
ination we  find  intermixed  with  this  substance,  a  compact  or  even 
semi-crystalline  limestone.  In  short,  we  observe  every  degree  of 
induration  and  compactness  from  limestone  to  chert.  There  can 
be  little  doubt,  it  seems  to  me,  that  this  is  a  genuine  case  of  the 
conversion  of  argillaceous  limestone  into  chert.  For,  says  Dr. 
Macculloch,  ^originating  in  limestone,  tfie  transition  from  that  rock 
into  the  chert,  is  often  so  gradual,  that  no  precise  point  can  be  as- 
signed where  the  terra  indurated  limestone  is  no  longer  applicable.'  * 
None  of  it,  however,  at  this  locallity  has  that  chalcedonic  aspect 
which  highly  indurated  chert  often  exhibits. 

Jasper, 

The  jasper  at  Newport,  to  which  I  have  already  referred,  oc- 
curs a  few  rods  south  of  Fort  Adams.  Two  or  three  large  blocks 
of  graywacke  slate  lie  upon   the  shore,  a  considerable  part  of 

♦  System  of  Geology,  Vol.  11.  p.  284. 
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which  has  been  converted  into  red  jasper,  often  mixed  with  a 
greenish,  translucent,  siliceous  mineral,  so  as  to  form  an  imperfect 
heliotrope.  Before  the  mouth  blowpipe  the  greenish  variety  un- 
dergoes no  change,  except  a  loss  of  color :  but  the  red  variety 
loses  its  color,  and  becomes  slightly  glazed  at  the  surface.  (Nos. 
387,387  1-2.) 

The  manner  in  which  this  jasper  has  been  produced,  appeared 
to  me  quite  obvious:  indeed,  if  I  mistake  not,  we  see  the  various 
steps  of  the  process.  The  rock  contains  a  considerable  quantity 
of  the  magnetic  oxide  of  iron ;  which,  according  to  the  latest  wri- 
ters,''^ consists  of  one  atom  protoxide  and  two  atoms  of  peroxide. 
Now  the  effect  of  heat  would  be  to  convert  this  moiety  of  the 
black  protoxide  into  the  red  peroxide  ;  and  the  iron  would  serve 
also  as  a  flux  for  the  fusion  of  the  slate  ;  and  thus  genuine  jasper 
would  be  produced  :  for  according  to  Mohs,  ^jasper,  with  its  vs(* 
rious  kinds,  is  formed,  if  besides  the  oxide  of  iron,  clay  enters  into 
the  mixture,  be'  f  Those  parts  of  the  rock  with  which  the  iron 
did  not  mingle,  would  form  hornstone  or  heliotrope ;  the  latter 
deriving  its  green  color  from  the  slate,  which  has  a  greenish  as* 
pect.  As  the  vicinity  of  this  locality  exhibits  so  many  marks  of 
the  former  action  of  powerful  heat,  can  we  doubt  that  in  this  man- 
ner the  jasper  was  produced  ?  and  can  we  doubt  but  granite  was 
the  powerful  igneous  agent  employed  ? 

Saugus  has  long  been  known  as  a  locality  of  fine  jasper.  It 
exhibits  a  blood  red,  and  generally  uniform  color  ;  though  some- 
times striped  and  clouded  with  white,  so  as  to  be  very  elegant 
when  polished.  (Nos.  388  to  390.)  I  have  been  surprised,  how- 
ever, to  find  how  easily  it  may  be  fused  by  the  common  blowpipe, 
into  a  white  semi-transparent  enamel,  containing  bubbles ;  and  I 
can  have  little  doubt  but  it  ought  to  be  referred  to  compact  feld- 
spar, which  conducts  precisely  in  this  manner  before  the  blowpipe. 
I  am  inclined,  however,  to  believe  that  it  contains  some  argillace- 
ous matter ;  and  it  must  contain  the  red  ovicide  of  iron  to  give  it  its 
color.  It  occurs  a  few  rods  east  of  the  hill  of  varioloid  wacke, 
which  has  been  already  described,  as  composed  of  wacke  and  nu- 
merous nodules  of  compact  feldspar  and  limestone.  Now  I  sus- 
pect that  the  action  of  granite  on  this  rock,  has  converted  a  part 
of  it  into  this  pseudo-jasper.  For  granite  appears  in  place  only  a 
few  feet  distant  from  the  jasper ;  though  the  actual  junction  is 
hidden.  If  this  be  the  true  theory,  then  the  composition  of  the 
varioloid  wacke  is  the  same  as  that  of  the  jasper ;  and  since  com- 
pact feldspar  predominates  in  the  former,  it  probably  does  in  the 
latter.     And  if  I  mistake  not,  very  much  of  the  compact  feldspar 

*  Thomson's  Chemistry  of  Inorganic  Bodies,  Vol.  I.  p.  487.    Edinburgh,  1831. 
t  Mohs'  Mineralogy,  Vol.  II.  p.  328.    Edinburgh,  1825. 
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in  the  vicinity  of  Boston  abounds  in  argillaceous  matter^  as  well 
as  iron.  In  Hingham,  indeed,  it  greatly  resembles  the  Saugus 
jasper,  though  of  not  so  rich  a  color. 

13.  Graywacke  Limestone.  I  have  already  stated  the  reasons 
that  induce  me  to  believe  the  indurated  compact  limestone  of  New- 
port to  belong  to  the  graywacke  formation :  and  I  have  nothing 
more  to  add  in  this  connection. 

There  is  one  other  bed  of  limestone,  which  I  strongly  suspect 
should  be  referred  to  this  formation  ;  viz.  in  the  west  part  of  Wal- 
pole.  When  I  visited  the  spot,  1  had  no  suspicion  that  this  rock 
had  any  connection  with  the  graywacke  ;  especially  as  I  observed 
sienite  within  a  few  rods  of  it.  Nor  do  my  notes  furnish  any  very 
decisive  evidence  either  way  as  to  this  question.  The  dip  of  its 
strata,  which  is  about  45^  N.  W.  is  the  most  important  circumstance. 
Por  I  find  that  the  red  quartz  rock  and  talcose  aggregate,  which 
have  been  described  as  occurring  a  little  west  of  Walpole  meeting 
iiouse,  have  nearly  the  same  dip  and  direction,  and  are  succeeded 
on  the  west  by  sieniie.  Hence  I  suspect  that  the  limestone,  which 
lies  two  or  three  miles  southwest  from  those  rocks,  may  be  con- 
nected with  them :  and  especially  when  I  recollect,  that  in  all 
other  cases  where  I  have  found  limestone  connected  with  sienite, 
it  is  very  white  and  destitute  of  stratification :  whereas  that  at 
Walpole,  as  already  remarked,  is  strati6ed  and  is  of  a  gray  color. 
Perhaps  closer  examination  would  discover  organic  remains.  (No. 
494.)  ' 

The  bed  of  limestone  in  Bernardston  is  associated  with  argilla- 
ceous slate,  or  quartz  rock,  and  contains  encrinites ;  so  that  prob- 
ably its  age  corresponds  with  that  of  graywacke.  But  as  it  is 
entirely  disconnected  with  the  graywacke,  I  shall  defer  a  descrip- 
tion of  it  till  I  speak  of  the  limestones. 

Topography  of  the  Graywacke. 

I  have  anticipated  so  much  of  this  head,  that  brevity  may  now 
be  consulted.  It  will  be  seen  by  the  Map  that  this  formation  is 
con6ned  exclusively  to  the  eastern  part  of  Massachusetts  and 
Rhode  Island ;  and  that  it  exists  in  several  detached  patches.  On 
the  present  which  is  the  third  edition  of  the  geological  Map,  I  have 
connected  the  strip  of  graywacke  passing  through  Dedham,  Wal- 
pole and  Wrentharo,  with  the  broad  deposite  south  of  the  last 
named  place.  Nor  should  I  be  surprised,  if  future  observers  should 
discover  a  connection  between  the  graywacke  range  in  Dedham, 
Canton,  and  Randolph,  and  that  in  Quincy,  Dorchester,  fcc. ;  al- 
though I  failed  in  finding  it.  The  fact  is,  this  rock  in  no  place 
rises  into  any  thing  like  mountain  ridges;  and  for  the  most  part,  it 
occupies  extensive  plains,  or  gently  undulating  ground.  Diluvium 
also,  is  extremelv  abundant  over  almost  every  part  of  it ;  so  that 

33 
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it  is  only  occasionally,  and  often  at  distant  intervals,  that  graywacke 
is  seen  in  place.  This  is  particularly  the  case  in  the  nnost  exten- 
sive tract  of  the  grayvracke,  which  embraces  the  greater  part  of 
Rhode  Island,  with  nearly  every  other  island  in  Narraganset  Bay, 
and  a  strip  of  uncertain  width  on  the  west  shore  of  that  bay,  as 
well  as  a  narrow  tract  on  the  east  shore  in  Little  Compton  ;  and 
as  it  extends  northerly  into  Massachusetts,  occupies  the  surface  of 
nearly  twenty  towns  in  Bristol  and  Plymouth  counties.  In  Swan- 
sey  and  Somerset,  the  most  abundant  conglomerate  of  this  forma- 
tion, (which  for  the  sake  of  distinction  I  shall  call  the  Roxbtiry 
conglomerate,  because  in  that  place  its  characters  are  strongly  de* 
veloped,)  forms  several  hills  of  one  or  two  hundred  feet  in  height, 
producing  striking  outliers  in  the  landscape.  In  Dorchester,  Rox- 
bury,  Newton,  Brookline,  and  Brighton,  the  hills  of  the  same 
rocic  are  of  moderate  elevation ;  rarely  exceeding  200  feet :  yet 
this  is  the  most  hilly  part  of  the  eraywacke  formation  in  Massa- 
chusetts. And  its  low  level  and  the  abundance  of  transported 
fragments  that  overspread  it,  render  it  extremely  difficult  to  ascer- 
tain its  limits. 

On  the  first  edition  of  the  Map,  I  put  down  a  patch  of  gray- 
wacke in  Duxbury.  But  on  more  mature  reflection,  I  feel  satis- 
fied that  I  have  not  evidence  enough,  that  the  slaty  epidotic  rock 
which  occurs  in  that  place,  belongs  to  this  formation.  That  it  is 
not  the  classical  graywacke,  I  am  certain  :  nor  do  I  feel  satisfied 
what  are  the  ingredients  that  compose  it;  though  I  suspect  the 
presence  of  compact  feldspar  in  considerable  quantity.  Its  dip 
and  direction  coinciding  with  those  of  the  graywacke,  I  was  led  to 
suspect  that  it  might  be  one  of  the  anomalous  varieties  of  that  rock. 
But  I  shall  place  the  specimens  in  the  collection  among  those  from 
the  gneiss  formation  ;  hoping  that  some  geologists  will  be  able  to 
examine  this  rock  carefully  in  its  native  situation.  This  I  had  not 
time  to  do  when  I  passed  through  the  place.  And  I  think  it  bet- 
ter that  it  should  not  be  noticed  on  the  Map,  than  be  referred  to 
any  formation  with  no  more  evidence  of  its  true  nature  than  I  at 
present  possess. 

It  appears,  then,  that  all  of  the  graywacke  formation  lying  south 
of  the  Blue  Hills  in  Massachusetts  and  Rhode  Island,  forms  but  a 
single  tract.  The  slaty  varieties  predominate  on  the  west  side  of 
this  tract;  and  on  some  of  the  islands  in  Narraganset  Bay,  this 
slate  appears  to  be  passing  into  the  primary  schists,  particularly 
into  mica  slate.  The  red  quartz  rock  is  most  abundant  in  the 
south  part  of  Wrentham,  near  the  coal  mine,  and  in  that  branch 
of  the  deposite,  which  occupies  the  north  part  of  Randolph.  It 
occurs,  also,  in  the  west  part  of  Walpole,  as  already  noticed,  and 
likewise  in  Abington.  And  from  the  bowlders  of  this  rock  which 
I  noticed  in  Scituate,  mixed  with  the  granite,  I  am  suspicious  that 
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it  may  be  found  in  place  from  Abington  to  the  coast,  in  a  north- 
east direction  ;  though  I  attempted  to  trace  it  in  vain. 

Around  Boston  we  find  another  tract  of  the  graywacke,  occu- 
pying a  basin,  of  which  the  Blue  Hills  form  a  southern  boundary  ; 
the  porphyry  hills  of  Lynn  and  Maiden  a  northern,  and  the 
greenstone  ranges  of  Weston  and  Waltham,  a  western  boundary. 
The  argillaceous  slate  connected  with  the  graywacke,  is  all  found 
along  the  northern  and  southern  sides  of  this  basin,  as  may  be 
seen  by  the  Map.  The  central  parts  are  occupied  by  conglom- 
erates and  graywacke  slate. 

1  have  already  suggested  the  probability  that  Baston  harbor 
was  produced  by  the  wearing  away  of  the  graywacke  formation. 
That  this  series  of  rocks  once  occupied  the  harbor,  is  obvious  from 
the  character  of  the  islands,  which  are  evidently  the  remnants  of 
a  once  continuous  formation.  It  is  true  that  these  islands  are  for 
the  most  part  covered  with  diluvium:  but  sometimes  on  their 
shores,  we  find  rocks  in  situ ;  and  in  such  case  I  have  regarded 
the  whole  island  as  composed  of  the  rock  which  is  thus  developed. 
On  this  principle,  the  geological  character  of  the  principal  islands 
in  this  harbor  may  be  set  down  as  follows : 


Noddle's               > 

Castle 

Thompson's 

Moon  Island — Conglomerate 

Hangman's  Island — Sienite 

Spectacle  Islands 

Ix^ng  Island 

« 

Rainsford  Islands 

> 

Pedock's 

g 

c 

Middle  &  Outward  Brewster 

«5. 

Gallop's 

>-  < 

5' 

Boston  Light 

5* 
o 

George's 

Egg  Rocks 

►  s 

Lovel's 

Calf  Island 

c 

(A 

Deer  Island 

Green's  Island 

w 

Apple 

Governor's  Island 

s 

Great  Brewster 

It  will  be  seen  that  argillaceous  slate  is  the  predominant  rock 
on  the  outermost  of  these  islands.  In  general  it  is  quite  hard, 
and  has  so  little  of  a  slaty  structure,  that  one  might  well  hesitate 
to  call  it  argillaceous  slate.  Frequently  it  appears  to  be  a  coarse 
variety  of  novaculite.  Argillaceous  slate  likewise  appears  on  the 
southern  side  of  the  promontory  of  Hull ;  although  the  surface  is 
for  the  most  part  diluvial. 

There  can  be  little  doubt  that  the^  peninsula  of  Boston  has  a 
foundation  of  argillaceous  slate.  This  is,  indeed,  the  only  rock 
that  has  ever  been  found  there  in  place.  And  from  the  occur- 
rence of  argillaceous  slate  in  South  Boston,  and  in  Charlestown, 
with  a  northerly  dip  in  both  places,  it  would  be  very  surprising  if 
any  other  rock  should  be  found  in  Boston ;    unless  it  were  an  in- 
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truding  mass  of  trap  rock.  But  this  slate  on  the  peninsula  is 
buried  deep  by  clay,  gravel,  and  sand  ;  although,  from  the  quan- 
tity of  diluvium  found  there  above  the  tertiary  beds,  I  have  been 
led  to  color  the  peninsula  as  a  diluvial  deposite. 

The  only  remaining  tract  of  graywacke  to  be  noticed,  is  one  of 
limited  extent,  along  Parker  river  in  the  south  part  of  Newbury, 
and  extending,  I  believe,  into  Rowley.  It  consists  of  gray  red 
and  variegated  slates,  slaty  compact  feldspar,  with  talc,  and  a  coo- 
glomerate  resembling  that  in  Roxbury.  Red  compact  feldspar 
lies  between  this  rock  and  the  sienite ;  and  some  of  the  nodules 
of  the  conglomerate  consist  of  red  compact  feldspar.  This  tract 
of  the  graywacke  appears  to  be  very  interesting,  and  deserves 
a  more  thorough  examination. 

Direction^  Dip,  and  Thickness  of  the  Strata. 

Graywacke  is  celebrated  in  other  countries  for  the  irregularities 
of  its  stratification,  and  the  tortuosities  of  its  slaty  varieties.  Nor 
is  this  rock  in  New  England  lacking  in  these  characteristics.  The 
observer  will  be  satisfied,  after  an  extensive  examination,  that  the 
predominant  direction  of  the  strata  of  this  rock  is  not  far  from 
east  and  west,  and  the  dip  northerly,  generally  approaching  to  45 
degrees.  But  he  will  be  surprised  to  find  in  the  western  part  of 
the  principal  deposit,  viz.  fron^  Randolph  to  Providence,  and  so 
on  to  the  southern  extremity  of  Rhode  Island,  that  the  direction 
of  the  strata  is  nearly  north  and  south,  and  the  dip  east.  The 
following  table  exhibits  the  dip  and  direction  of  this  formation  in 
various  places,  as  I  find  them  in  my  notes. 

Direction.  Dip. 

Mansfield,  .     N.  W.  and  S.  E.  45^  N.  E. 

Berkley,  N.  E,  and  S.  W.  N.  W.  small. 

Attleborough,  ^west  part,)     North  and  South.  East,  small. 

do.  (centre,)  do.  50**  West. 

Walpole,         .         .         .     N.  E.  and  S.  W.  50  to  60^N.  W. 

Pawtucket,'(Graywacke  Slate,)  S.  20°  West.  TO"*  easterly. 
From  Providence  to  Warren, 

Rhode  Island.     N.  and  South.  45"  East. 

Seekohk,         ...  do.  10'' East. 

Portsmouth,  R.  I.  (Slate,)  N.  E.  and  S.  W.  S.  E.  40  to90«. 
Newport,  R.  I.  near  Fort 

Adams,  (Slate,^   4  N.  and  South.  5  to  lO''  easter- 

do.  South  part,    (do.)       E.  and  West.  Various.      [ly. 

do.  Southeast  part  (do.)     N.  and  South.  60  to  TO"*  west, 
do    do.  Purple  Quartz 

Rock,       N.  and  South  80''  East. 
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West  side  of  Narraganset 
Bay  (Slate,) 
Middletown,  R.   I.  Blue 
Quartz  Rock, 
do.    do.  Amphibolic 
Aggregate, 
Between  Warren  and  Bris- 
tol, Rhode  Island, 
Tiverton   Bridge,    R.    I. 
(Slate,) 
Little  Compton,   ^Slate,) 
Fall  River,  (Troy^  Slate 
and  Quartz  Rock, 
Swansey,  (Conglomerate,) 
West  Bridgewater,  (Slate,) 
North  Bridgwater, 
Canton, 
Milton, 

Newton — ^north  part, 
Cambridge, 
Watertown, 


DirtcUott. 

Dip. 

N.  and  South. 

10  to  15°  East. 

N.  and  South. 

E.  80°  East. 

N.  and  South. 

60  to70»West. 

E.  and  West. 

10to20»  North. 

N.  and  South. 

45°  West. 

N.  E.  and  S.  W. 

E.  and  West. 

45°  North. 

East  and  West. 

35  to  40°  N. 

do. 

30°  North. 

do. 

Northerly. 

.     do. 

25  to  50°  N. 

do.  (nearly,)  60  to  70' N. 

do. 

30»  North. 

do. 

60to70«>N. 

N.  E.  and  S.  W. 

90°. 

W. 


Dorchester,  (Conglomerate,)  S.  E.  and  N 
Roxbury,  (do.)  do. 

Natick,  (Slate,)  .  N.  E.  and  S.  W. 

Newbury,  (Slate  and   Con- 
glomerate,)    East  and  West. 
Milton,  (Argillaceous  Slate,)  do. 

South  JBoston,         do.  do. 

Nahant,  do.  do. 

Hull,  do.  do. 

Rainsford  Islands,  do.  N.  E.  and  S.  W. 

Cbarlestown,  do.  (near  the 

Insane  Hospital,)  W.  a  little  N. 

do.  (in  a  quarry.)  North  and  South. 

do.  (Winter  Hill,)  East  and  West. 

do.    (Near  the 

Powder  House,)  E.  and  W.  nearly. 


do. 

do.* 

do.* 


15  to  30^  N.  E. 

do. 
45^  N.  W. 

45^  N. 
North,  large. 
50  to  60'  N. 
80  to  40*  N. 
60  to  70'  N. 
Nearly  9a>  S.  E. 

50*8.^ 

10*  W. 

15  to  20»  N. 

15*  N.  N.  E. 


The  predominant  direction  of  the  strata  in  this  formation  may 
be  seen  on  the  annexed  Map,  (Plate  XVI.)  which  shows  the  gen- 
eral direction  of  all  the  strata  in  the  Slate.  Local  exceptions,  un- 
less of  great  extent,  cannot  of  course  be  shown  on  a  Map  of  such 

•  Professor  Webster :  See  Boston  Journal  of  Philosophy,  Ac.  Vol.  I.  p.  280,  ct 
scq. 


Digitized  by  VjOOQ IC 


274  Scientific  Geology. 

limited  size.  These  exceptkms  are  so  numerous  in  the  preceding 
table,  that  one  might  be  disposed  to  question  whether  any  paral- 
lelism in  the  direction,  or  uniformity  of  dip,  can  be  made  out. 
But  extensive  examination  will  satisfy  any  one  of  the  truth  of  the 
general  statement  made  above,  that  the  prevailing  direction  is 
easterly  and  westerly,  and  the  dip  northerly,  with  the  exception 
tliere  named  in  Rhode  Island,  and  of  a  tract  from  Rhode  Island  to 
Randolph.  Whether  there  is  a  particular  line  along  which  the 
strata  change  suddenly  in  their  direction  from  north  and  south  to 
east  and  west,  or  whether  the  change  is  gradual,  I  have  not  been 
able  to  determine ;  though  inclined  to  believe  it  sudden.  The 
central  parts  of  the  tract,  near  where  the  change  must  take  place, 
are  so  covered  with  diluvium  as  rarely  to  exhibit  rocks  in  place. 
As  to  the  cause  of  this  anomaly,  I  am  disposed  to  believe  that 
this  gray wacke  belongs  to  two  systems  of  elevation  ;  the  one  run- 
ning nearly  east  and  west,  and  the  other  nearly  northeast  and 
^southwest.  In  the  conclusion  of  my  Report,  I  shall  examine 
this  subject  more  particularly. 

It  will  be  seen  from  the  preceding  statement  of  the  direction 
and  dip  of  the  strata,  that  there  is  much  irregularity  in  the  position 
of  the  argillaceous  slate  connected  with  the  gray  wacke :  particu- 
larly in  Charlestown.  But  this  in  general  is  easy  to  be  explained 
by  the  intrusion  of  masses  of  greenstone,  or  the  proximity  of  si- 
enite. 

The  slaty  structure  of  the  slates  included  under  gray  wacke, 
does  not  always  coincide  with  the  stratified  structure.  I  have  ob- 
served this  to  be  the  fact,  particularly  with  a  variety  of  the  red 
quartz  rock,  which  in  Randolph,  Walpole,  Wrentham,  &c.,  be- 
comes slaty,  by  taking  into  its  composition  a  larger  proportion  of 
talc. 

In  South  Boston,  and  on  Rainsford  islands,  the  argillaceous 
slate  contains  a  double  set  of  seams,  oblique  to  the  strata  seams  ; 
and  thereby  the  rock  is  divided,  often  with  great  regularity,  into 
tables  with  rhombic  or  trapezoidal  faces.   (Nos.  360,361.) 

In  general,  I  doubt  whether  the  argillaceous  slate  and  the  gray- 
wacke  slate  of  this  formation,  exhibit  such  striking  tortuosities  in 
their  layers,  as  European  geologists  describe  in  the  corresponding 
rocks  in  the  eastern  world.  In  some  places,  however,  these  cur- 
vatures are  remarkable  enough  in  New  England.  On  Rainsford 
islands  the  argillaceous  slate,  although  unusually  fissile,  is  bent  so 
as  to  form  a  semicircle  within  the  space  of  a  very  few  inches.  (No. 
362.)  But  in  the  southern  part  of  Newport,  Rhode  Island,  in 
the  vicinity  of  granite,  we  find  the  most  remarkable  curvatures 
in  the  gray  wacke  slate. 

The  following  sketch  was  taken  from  a  clilT  on  the  southeast 
shore  of  that  town.     It  is  from  15  to  20  feet  high,  and  30  or   40 
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long,  and  the  drawing  does  not  at  all  exaggerate  the  tortuosities 
and  irregularities  of  the  slate.  The  dark  strip  is  a  bed  of  anthra- 
cite a  few  inches  thick  ;  and  tite  dotted  part  shows  where  the  diki- 
vium  has  slidden  down  upon  the  rock.  The  slate  is  so  highly  im- 
pregnated with  carbon  as  to  be  quite  dark  colored,  and  might 
perhaps  be  denominated  shale.  Near  the  anthracite  bed  it  abounds 
in  vegetable  remains.  I  could  discover  no  strata  seams  distinct 
from  those  that  separate  the  layers  of  slate ;  and  it  is  very  doubt- 
ful whether  this  rock  ought  to  be  regarded  as  stratified  at  that 
place. 


Coast  Section  ia  Qraywacke  Slate :  Newport,  R.  I. 

It  is  obvious  that  this  slate  must  have  been  bent  into  its  present 
form  while  yet  in  a  plastic  state  ;  although  its  elevation  to  a  nearly 
perpendicular  position,  might  have  been  the  result  of  a  subsequent 
convulsion.  It  will  be  recollected,  that  in  giving  a  history  of  our 
tertiary  strata,  I  have  exhibited  some  remarkable  examples  of 
tortuosity  in  the  clay  beds,  which  bear  a  strong  resemblance  to  the 
one  figured  above ;  and  perhaps  both  were  produced  in  a  similar 
manner,  however  difficult  it  may  be  to  assign  any  adequate  cause. 
Other  similar  cases  I  shall  describe  when  I  come  to  speak  of  mica 
slate  and  gneiss. 

In  another  place  on  the  same  coast,  near  where  the  preceding 
sketch  was  taken,  the  graywacke  slate  seems  to  have  assumed  the 
fonn  of  a  paraboloid,  or  an  ellipsoid,  whose  longer  axis  coincides 
nearly  with  the  plane  of  the  meridian.  The  upper  part  of  this 
paraboloid  having  been  worn  away,  leaves  the  basset  edges  of 
the  slate  as  exhibited  below. 

The  dotted  portion  in  the  following  sketch,  is  covered  by  debris 
and  sand  ;  but  very  probably  the  position  of  the  laminae  is  as  rep- 
resented. The  dip  of  the  slate  is  outward  on  every  side  ;  or  in 
such  a  direction  as  it  would  be,  if  the  layers  curved  around  a  par- 
aboloid, or  ellipsoid,  from  which  a  segment  had  been  cut  off. 
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The  proximity  of  granite  explains  satisfactorily  the  very  great 
irregularity  in  the  position  of  the  gray  wacke  slate  in  Newport. 

From  the  various  statements  which  I  have  made  in  relation  to 
the  geology  of  Newport  and  its  vicinity,  it  will  be  obvious  that  it 
is  very  rare  to  find  so  many  objects  interesting  to  geological  curi- 
osity brought  within  so  narrow  a  compass. 

As  to  the  thickness  of  the  graywacke  formation,  I  am  very  much 
in  the  dark.  I  am  inclined,  however,  to  believe  that  its  perpen- 
dicular thickness  must  be  rather  small.  The  want  of  lofty  bills 
in  this  formation,  and  the  marks  of  powerful  abrasion  every  where 
exhibited,  both  in  the  loose  fragments  and  in  occasional  outliers, 
have  impressed  me  with  the  idea  that  it  was  once  far  more  exten- 
sive than  at  present.  It  might  not,  indeed,  have  covered  all  the 
space  that  now  intervenes  between  its  several  tracts :  but  I  see  no 
reason  why  much  of  that  space  might  not  have  been  occupied  by 
it :  although  I  confess  that  this  opinion  is  little  more  than  hypo- 
thesis. 

Mineral  Contents. 

By  far  the  most  interesting  and  important  mineral  in  the  gray- 
wacke formation  is  anthracite.  Its  roost  abundant  and  best  known 
locality  is  in  Portsmouth,  near  the  northern  extremity  of  Rhode 
Island.  It  was  explored  there  somewhat  extensively  near  the 
beginning  of  the  present  century  ;  and  Dr.  Meade  says,  that  the 
vein  then  wrought  was  14  feet  wide  ;  and  <  with  only  fifteen  work- 
men, they  can  raise  at  present  from  10  to  20  chaldrons  of  coal 
per  day,  besides  keeping  the  mine  free  from  water ;  from  which 
they  suffer  little  inconvenience.'*  He  speaks  of  the  bed  of  coal 
as  <  not  horizontal  or  vertical,  but  forming  an  angle  of  about  75^.' 

A  great  variety  of  causes  led  to  the  abandonment  of  these  ex- 
plorations :  but  a  few  years  since  they  were  again  resumed ;  and 
through  the  kindness  ^  Dr.  Thomas  H.  Webb,  of  Providence,  I 

•  Brace's  Mineralogical  Journal,  January,  1890,  p.  84. 
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have  before  me  a  letter  addressed  to  that  gentleman,  from  J. 
CloweSy  the  inteHigeDt  agent  employed  to  superintend  this  second 
exploratioD ;  from  which  I  derive  the  following  facts  respecting 
the  anthracite  of  Portsmouth.  The  letter  is  dated  February  18th, 
1828 ;  which  appears  to  have  been  about  the  time  when  the  work 
was  the  second  time  abandoned. 

The  quantity  of  anthracite  raised  at  these  mines  in  1827,  by 
20  men  and  5  boys,  was  2200  tons,  and  an  equal  quantity  of 
ilack :  that  is,  very  small  coal  and  dust.  The  former  sold  at  the 
mine  for  $4.50  per  tcm,  of  2240  pounds ;  and  the  slack  for  ||1 
per  ton.  The  slack  was  used  for  burning  lime  and  bricks.  The 
best  coal  was  mostly  employed  for  fires  in  families,  except  in  New 
York,  where  it  was  used  for  making  glass ;  for  generating  steam 
under  the  common  circular  or  round  boiler ;  for  blacksmiths  ;  and 
in  general  for  any  purpose  where  anthracites  are  employed. 

The  agent  regards  these  mines  as  capable  of  furnishing  an  inex* 
hauslible  supply.  He  represents  the  coal  as  occurring  in  veins ; 
bat  his  descriptions  apply  rather  to  beds  ;  and  I  am  almost  certain 
that  it  occurs  in  beds.  Six  of  these  have  been  exposed ;  and 
more  than  30  are  said  to  exist  in  that  part  of  Rhode  Island. 
Their  direction  is  southwest  and  northeast,  and  they  dip  southeast 
from  AOr  to  90^ 

The  following  are  the  strata  that  were  penetrated  in  sinking  a 
uater  ihaft^  or  engine  pit,  87  feet ;  and  in  fifteen  other  places 
they  were  found  to  be  very  similar. 

Sand  and  gravel,        .         »         •         9  feet. 
Dark  colored  slate,  12 

Hard  compact  graywacke,  23 

Soft  black  slate,     ....      4 
Hard  brown  slate,  5 

Soft  fine  gray  slate,  .  1 

Very  hard  brown  slate,  .      17 

Gray  freestone,       .  12 

Coal, 4 

Vegetable  remains  were  found  only  in  one  of  these  excavations, 
about  nineteen  feet  below  the  surface. 

The  failure  of  the  mining  operations  in  Portsmouth,  between 
the  years  1809  and  1816,  resulted,  according  to  Mr.  Clowes,  from 
two  general  causes:  1.  A  want  of  practical  skill  in  those  who 
conducted  the  operations.  This  prevented  as  much  system  in  the 
works  as  was  necessary,  and  also  the  introduction  of  proper  and 
economical  machinery.  And  he  says,  that  '  amongst  the  many 
losses,  which  contritKited  to  work  their  ruin,  that  was  not  the 
least,  of  allowing,  or  permitting  the  workmen  to  have  from  half 
a  pint  to  a  pint  of  spirituous  liquors  during  the  working  hours. 
We  neither  allow  nor  permit  any  thing  of  the  sort,  nor  is  it  alkiwed 

34 
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or  permitted  ia  any  mining  establishment  in  Europe.  Instead  of 
benefiting  a  man,  it  actually  incapacitates  him  :  and  exclusive  of 
the  immoral  effects  on  the  passions  of  the  workmen,  I  consider  it 
a  loss  to  the  owners  of  at  least  one  sixth  of  the  whole  manual  labor.' 
The  second  cause  of  failure,  he  says,  lay  in  sending  the  coal 
from  tbe  mines  in  an  improper  state ;  that  is,  unsorted,  and  in  too 
large  lumps.  He  says  that  the  R.  Island  coal  does  not  break  eas- 
ily when  ignited,  like  the  Lehigh  coal,  and  that  this  fact  and  the 
amount  of  impurities  which  it  contained,  injured  its  reputation  in 
the  market.  He  thinks  that  if  mixed  in  equal  quantity  with  tbe 
Pennsylvania  or  bituminous  coal,  it  answers  best  for  fuel :  and  he 
says  he  has  abundant  evidence,  that  one  ton  of  the  R.  Island  coal, 
mixed  with  a  ton  of  that  from  Pennsylvania,  is  equal  to  two  tons 
of  the  anthracite  from  the  latter  state. 

These  facts,  coming  as  they  do  from  a  practical  and  intelligent 
man,  I  thought  deserving  of  a  place  in  this  Report :  for  they  rea- 
der it  probable  to  my  mind,  that  the  Rhode  Island  coal  may  be 
again  wrought  ere  many  years.  At  present  the  prejudice  against 
it  in  market  is  so  strong,  that  the  owners  have  been  obliged  to  aban- 
don its  exploration. 

I  have  already  mentioned  that  beds  of  anthracite,  a  few  inches 
thick,  occur  in  the  south  part  of  Newport  in  gray wacke  slate.  In 
the  war  of  the  Revolution,  the  British  troops,  after  consuming 
nearly  all  tbe  wood  upon  the  island,  endeavored  to  find  coal  at 
this  place ;  and  the  marks  of  their  exploration  still  remain. 

On  the  Map  I  have  represented  a  bed  of  coal  as  existing  near 
the  east  line  of  Cumberland,  another  in  tbe  north  part  of  Middle- 
borough,  a  third  in  West  Bridgwater,  and  a  fourth  in  Wrentham. 
I  could  not  learn  that  much  of  this  mineral  had  beeu  obtained  at 
these  places.  The  search  for  coal  in  Weymouth,  mentioned  in  a 
note  to  the  first  part  of  my  Report,  first  edition,  has  not  I  believe 
been  successful. 

An  exploration  is  now  going  on  in  tbe  south  part  of  Wrentham, 
principally  by  boring.  In  one  place  they  have  penetrated  160  feet 
into  a  dark  colored  or  anthracltous  slate,  which  runs  nearly  east 
and  west,  and  dips  north  about  45^  But  in  no  place  have  they 
found  pure  coal :  nor  has  any  bed,  even  of  that  which  is  impure, 
been  discovered  more  than  eighteen  inches  thick.  The  speci- 
mens hitherto  obtained^  (No.  401,)  are  much  -mixed  with  pyrites 
and  slate. 

It  struck  me  that  boring  perpendicularly  is  not  the  most  judicious 
method  of  searching  for  coal  in  this  place.  I  take  it  to  be  quite 
certain,  that  the  coal  always  occurs  in  layers  between  the  laminae 
of  slate,  and  never  in  veins ;  such  a  thing  as  a  genuine  vein  of 
coal  being,  as  I  suppose,  inconsistent  with  the  known  laws  of  chem- 
istry.    Hence  then,  as  the  strata  dip  45°  at  this  place,  if  a  trench 
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be  dug  deep  enough  to  lay  bare  the  basset  edges,  crossing  them  at 
right  angles,  it  must  certainly  reveal  all  the  beds  of  coal  which  the 
rock  contains.  And  since  the  loose  soil  is  not  more  than  ten  feet 
deep,  this  must  be  certainly  the  most  economical  course.  The 
discovery  of  beds  of  coal  in  other  places  by  boring,  leads  often,  I 
believe,  into  error :  for  generally  the  strata  containing  coal  are 
horizontal ;  and  then  boring  alone  will  bring  the  beds  to  light : 
but  where  they  are  highly  inclined,  it  is  working  to  great  disad- 
vantage to  bore  into  them  perpendicularly.  I  have  found  several 
times  that  foreign  miners,  who  are  ignorant  of  the  principles  of 
geology,  have  led  our  citizens  astray  by  assuring  them  that  the 
coal  or  the  ore  they  are  in  pursuit  of,  lies  deep ;  merely  because 
such  was  the  case  in  the  particular  mine  in  Europe  with  which 
they  were  acquainted. 

In  all  the  cases  mentioned  above,  the  anthracite  occurs  in  a 
slaty  rock,  either  gray  or  nearly  black,  which  is  associated  with 
coarser  aggregates.  Many  geologists  would  denominate  this  slate 
shah :  but  I  should  rather  term  it  argillaceous  slate,  or  gray  wacke 
slate ;  because  I  prefer  the  system  of  Macculloch,  which  regards 
no  rocks  as  shale,  which  lie  as  low  in  the  series  as  graywacke.* 
(Nos.  358  and  395  to  399.) 

In  no  case  have  I  found  anthracite  in  any  of  those  anomalous 
varieties  of  the  graywacke  group,  which  I  have  described ;  such 
as  the  breccias,  amphibolic,  quartzose,  and  talcose  rocks.  These  I 
regard  as  the  oldest  varieties  of  this  formation  ;  and  the  anthracite 
I  suspect  occurs  among  the  higher  members  of  the  series.  I 
know  of  no  reason,  however,  why  this  mineral  should  not  be  found 
in  the  oldest  varieties.  That  the  slate  in  which  it  is  found  in 
Rhode  Island,  is  closely  allied  to  primary  rocks,  is  obvious  from 
the  fact  that  it  abounds  in  veins  of  asbestus — and  the  same  mineral 
penetrates  the  anthracite. 

So  full  a  description  of  the  external  characters  of  the  Rhode 
Island  anthracite  has  been  given  by  Prof.  Silliman,  in  his  Journal 
of  Science,!  that  it  seems  unnecessary  to  repeat  it  in  this  place. 
I  shall  merely  notice  some  peculiar  characters,  which,  if  I  mis- 
take not,  have  an  important  bearing  upon  the  theory  of  the  origin 
of  this  mineral  and  its  connection  with  plumbago.  In  comparing 
this  coal  with  the  anthracite  from  Pennsylvania,  one  is  struck  with 
the  superior  semi-metallic  or  plumbaginous  aspect  of  the  former  ; 
as  I  have  already  remarked.  But  mere  resemblance  to  plumba- 
go is  not  all ;  for,  says  Professor  Silliman,  '  many  of  its  surfaces 
are  covered  with  a  thin  61m  of  a  substance  not  to  be  distinguished 
from  plumbago,  as  it  has  the  same  lustre  and  softness,  and  stains 
the  finders  and  marks  paper  in  the  same  manner.     A  true  plum- 

•  CUssificaiion  of  Rocks,  p.  455.    Also,  System  of  Geology,  Vol.  II.  p.  349. 
t  Vol.  XL  p.  87. 
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bago  18  fouod  occasionally  among  the  slates  which  accompany  this 
anthracite.'  But  in  respect  to  the  Pennsylvania  anthracites  be 
says,  <  there  is  rarely  on  these  surfaces  a  plumbaginous  aspect  ; 
and  when  it  exists,  it  is  less  remarkable  than  in  the  Rhode  Island 
coal.'  In  the  Worcester  coal,  I  would  also  state,  that  the  metallic 
aspect  is  much  noore  distinct,  and  the  quantity  of  the  substance 
'  not  to  be  distinguished  from  plumbago,'  much  greater.  Indeed, 
several  tons  of  it  have  been  ground  and  sold  for  plumbago ;  *  and 
I  think  an  examination  of  No.  775,  will  satisfy  any  one  that  it  is 
genuine  plumbago.  The  anthracite  found  at  Cumberland,  Rhode 
Island,  also,  <  is  more  slaty  than  that  of  Portsmouth,  it  soils  the 
fingers  more,  and  approaches  graphite.'  f  The  specimens  from 
the  recent  exploration  in  Wrentham,  bear  a  resemblance  in  ap* 
pearance  to  the  anthracite  from  Rhode  Island. 

Now  do  we  not  ascertain  from  the  preceding  facts,  a  gradual 
passage  from  anthracite  to  plumbago  ?  And  if  my  view  of  the 
relative  age  of  the  Pennsylvania,  Rhode  Island,  and  Worcester 
anthracites,  as  they  have  been  expressed  in  the  first  part  of  ray 
Report,  are  correct ;  we  see  that  this  gradation  corresponds  to  the 
relative  antiquity  of  the  rock  containing  the  mineral :  that  is,  the 
older  the  rock,  the  nearer  does  the  mineral  approach  to  plumbago. 
I  may  not  indeed,  have  shown  very  conclusively  that  the  gray- 
wacke  formation  of  Massachusetts  and  Rhode  Island  is  older  than 
the  anthracite  formation  of  Pennsylvania  ;  though  the  greater  dip 
of  the  slate,  as  a  general  fact,  in  the  former,  its  more  crystalline 
aspect,  and  the  occurrence  in  it  of  crystallised  veins  of  absetus 
and  quartz,  render  this  opinion  probable.  But  as  to  the  anthra- 
cite formation  in  Worcester,  it  will  be  easy  to  prove,  in  the  proper 
place,  that  it  is  older  than  either  of  the  others  above  mentioned : 
and  here  it  should  be  recollected  we  find  the  greatest  quantity  of 
plumbago. 

The  anthracite  from  these  different  localities  exhibits,  in  its 
speci6c  gravity,  a  correspondent  approach  to  plumbago.  Accord- 
ing to  Dr.  Thomson,]:  the  specific  gravity  of  plumbago  varies 
from  1.9  to  2.32:  but  according  to  Beudant,||  fixxn  2.06  to  2.45. 
The  first  named  author  says,  that  he  has  never  met  with  any  an- 
-  tbracite  whose  specific  gravity  was  as  great  as  1.5:  Beudant, 
however,  says  it  varies  from  1.5  to  1.8.  Now  according  to  Mr. 
Bull,  the  mean  specific  gravity  of  the  Pennsylvania  anthracite, 
from  five  localities,  is  1.436.^  He  states  nlso  the  specific  gravity 
of  the  Rhode  Island  coal  to  be,  1.438  :  But  Prof.  Silliman,   who 

*»  Robinson's  Catalogue  of  Minerals,  p.  78. 
t  Cleavland*s  MineraloQr,  Vol.  I.  p.  501. 
t  Inorganic  Chemistry,  Vol.  I.  p.  155. 
II  Traite  de  Mineralogie,  Vol.  II.  p.  362. 
I  Chemistry  of  the  Art^  p.  38. 
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appears  to  have  ecmducted  the  process  with  great  care,  states  the 
PenosylvaDia  anthracite  to  have  the  mean  specific  gravity  1.55, 
and  that  Trom  the  Rhode  Island,  1.75.*  Mr.  Bull  places  the 
Worcester  coal  at  2.104.  Upon  the  whole,  though  there  is  not  a 
little  discrepancy  in  the  above  statemenu,  we  may,  I  think,  sarely 
infer,  that  the  Rhode  Island  coal  is  heavier  than  that  from  Penn- 
sylvania :  and  the  Worcester  coal  the  heaviest  of  all,  and  nearly 
equal  to  plumbago. 

There  is  another  fact  that  deserves  to  be  noticed  in  this  connec* 
tion.  Plumbago,  it  is  well  known,  contains  so  much  iron,  that 
some  chemists  regard  it  as  a  carburet  of  iron.  Now  from  the 
analysis  of  Mr.  Vanuxem,  f  it  appears  that  the  Rhode  Island  an- 
thracite contains  a  much  larger  proportion  of  the  oxides  of  iron 
and  manganese,  than  that  from  Pennsylvania ;  even  more  than 
some  specimens  of  plumbago.  Do  we  not  in  this  circumstance 
perceive  another  evidence  of  an  approach  to  that  mineral  in  this 
anthracite  ?  I  am  not  aware  that  the  Worcester  anthracite  has 
been  analysed ;  nor  have  I  time  to  attempt  its  analysis  before  com- 
pleting this  Report. 

European  geologists  have  satisfactorily  traced  the  progress  of 
vegetable  matter  from  the  living  vegetable  matter  into  peat,  and 
thence  to  bituminous  coal.  They  have,  also,  rendered  it  probable 
that  anthracite  is  only  another  step  in  the  process  ;  although  some 
of  them  still  doubt  the  vegetable  origin  of  this  variety  of  coal. 
But  in  regard  to  plumbago,  a  somewhat  prevalent  opinion  I  believe 
is,  that  it  has  been  produced  from  elementary,  rather  than  organized 
carbon.  Dr.  Macculloch,  however,  says,  that '  the  coal  of  secon* 
dary  origin,  containing  vegetable  remains  is  converted  into  plumbago 
by  the  influence  of  trap ;  as  wood  has  been  in  my  experiments,  and 
as  coal  is,  daily,  in  the  iron  furnaces :  so  that  even  the  plumbago  of 
the  primary  strata,  no  less  than  the  anthracite,  might  as  well  have 
originated  in  vegetables,  as  that  each  of  them  should  owe  an  inde- 
pendent origin  to  elementary  mineral  carbon.'  % 

Elie  de  Beaumont  has  also  given  an  account  of  anthracite,  which 
is  associated  in  the  Alps  with  graphite  in  clay  slate,  reposing  on 
lias.  *  This  graphite,'  says  be,  '  is  found  in  a  bed  of  argillaceous 
slate  which  contains  vegetable  impressions,  similar  to  those  which 
accompany  other  deposites  of  anthracite  in  that  country.  This 
slate  exhibits  on  the  surface  of  these  impressions  minute  veins  of 
anthracite,  and  it  forms  a  part  of  a  series,  in  which,  both  above 
and  below,  workable  aftthnacrte  shows  itself:  all  which  proves  that 
the  graphite  is  only  a  modification  of  the  anthracite.  This  modi- 
fication appears  to  be  connected  with  the  presende  of  certain  feld- 

*  Joarnal  of  Science,  Vol.  XL  p.  89  and  93. 
t  American  Journal  of  Science,  Vol.  X.  p.  {02. 
t  System  of  Geologv,  Vol.  I.  p.  397. 
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spathic  rocks,  wliicb  are  probably  only  the  ranii6catioDS  of  a  buge 
mass  of  feldspar  situated  near.'  *  If  I  mistake  not,  the  circum- 
stances under  which  these  varieties  of  carbon  occur  in  this  coun- 
try, throw  some  light  on  these  inquiries,  and  render  probable  the 
suggestions  of  Dr.  Macculloch.  The  great  number  of  vegetable 
remains  found  in  connection  with  the  Pennsylvania  and  Rhode 
Island  anthracites,  must,  it  seems  to  nie,  satisfy  every  reasonable 
man  of  the  vegetable  origin  of  this  mineral  in  these  instances. 
But  a  plumbaginous  substance  occurs  with  the  Rhode  Island  coal, 
and  the  coal  itself  seems  to  be  passing  into  plumbago.  Still  more 
near  to  plumbago  do  we  6nd  the  Worcester  anthracite,  and  a  part 
of  the  bed  is  undoubtedly  real  plumbago.  Here,  however,  we  find 
no  vegetable  remains,  retaining  their  organised  form,  because  the 
rock  belongs  to  the  primary  class  ;  being  for  the  most  part  a  bas- 
tard kind  of  mica  slate.  Advancing  one  step  farther,  we  find  in 
the  gneiss  rock  of  Sturbridge — probably  the  oldest  of  all  rocks — 
a  bed  of  well  characterised  plumbago.  How  very  probable  that 
all  these  varieties  of  carbon  have  the  same,  and  that  a*  vegetable 
origin  ?  How  unphilosophical,  when  we  can  thus  trace  nearly 
every  step  of  the  change,  from  one  variety  into  another,  to  call  in 
the  aid  of  other  causes  to  account  for  the  origin  of  one  of  them  ? 
We  see  here  only  the  operation  of  the  cause,  or  causes — what- 
ever they  were — by  which,  as  we  descend  from  the  newer  to  the 
older  rocks,  they  exhibit  less  and  less  of  a  mechanical,  and  more 
and  more  of  a  chemical  arrangement  of  parts,  and  fewer  and  few- 
er traces  of  organic  remains :  until,  in  the  primary  rocks,  these 
relics  are  nearly  or  quite  obliterated.  Why  should  we  doubt  the  op- 
eration of  such  causes  upon  coal,  any  more  than  upon  other  miner- 
al masses?  And  if  we  do  grant  this,  we  have  an  easy  and  satisfac- 
tory explanation  of  the  mode  in  which  all  the  varieties  of  carbon 
were  produced,  except  perhaps  the  diamond  :  and  from  the  fact 
that  the  diamond  breccia  of  India  is  surrounded  by,  and  based 
upon  granite,  we  may  reasonably  conjecture  that  tliis  mineral  has 
been  produced  from  vegetable  carbonaceous  matter,  that  has  been 
fused,  (for  Prof.  Silliman  has  proved  that  it  is  fusible)  and  subbc- 
quently  crystallised  f  And  if  it  be  true,  that  secondary  coal  is 
sometimes  converted  into  anthracite  and  plumbago  by  the  influ- 
ence of  trap,  why  should  we  doubt  but  heat  has  been  the  agent  of 
those  changes  in  every  case;  especially  as  it  is  difficult  to  con- 
ceive how  any  other  agent  could  have  given  to  rocks  and  minerals 
of  a  mechanical  origin,  a  crystalline  or  sub-crystalline  structure. 

It  will  be  perceived  that  1  have  anticipated   some  statements  in 
respect  to  the  Worcester  anthracite  and  the  Sturbridge  plumbago. 

•  Annals  dcs  Sciences  r^alurelles,  Tome.  XV.  (1838.)  p.  377. 
t  Edinburgh  Journal  of  Science,  Vol.  X.  p.  184. 
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This  I  have  done  that  I  might  treat  of  their  origin  together,  to 
avoid  repetition. 

I  have  said  so  much  in  the  first  part  of  ray  Report,  in  respect 
to  the  economical  uses  of  the  anthracite  of  our  gray wacke  forma- 
tion, that  I  need  add  nothing  here.  I  cannot,  however,  but  ex- 
press my  surprise,  that  the  ablest  European  geological  and  chem- 
ical writers  should  still  represent  anthracite  as  of  little  or  no  use, 
except  for  furnaces ;  when,  for  the  last  ten  or  fifteen  years,  so 
many  thousand  tons  of  this  mineral  have  been  used  in  our  prin- 
cipal cities,  along  the  whole  Atlantic  coast,  in  the  parlor,  the  study, 
and  the  kitchen  ;  and  so  much  has  been  said  of  its  value,  for 
these,  purposes,  in  our  scientific  and  other  periodical  journals.  ^  In 
an  economical  light,'  says  Dr.  Macculloch,  '  it  must  be  fruitless  to 
search  fqr  coal  below  the  old  red  sandstone,  and  generally  speak- 
ing, beneath  the  mountain  limestone ;  as  to  mine  after  primary 
coal  (anthracite  as  I  understand  him,)  would  be  a  wild  project.'  * 
'  Anthracite,'  says  Beudant,  *  on  account  of  the  difficulty  with 
which  it  is  kindled,  cannot  be  employed  but  in  furnaces  with  a 
good  draught.'  f  <  The  difficulty  which  is  experienced  in  the 
combustion  of  anthracite,'  says  Dumas, '  is  a  very  great  obstacle 
to  every  economical  use  of  that  body. — It  is  possible,  indeed,  that 
anthracite  will  one  day  become  useful  in  deep  furnaces ;  although 
in  almost  every  other  process  of  the  useful  arts,  its  employment 
can  be  hardly  practicable,  on  account  of  the  high  temperature 
which  it  requires  to  complete  its  combustion.^  X 

The  other  minerals  that  have  been  found  in  the  graywacke  of 
Massachusetts  and  Rhode  Island,  are  few  and  unimportant.  It  is 
hardly  necessary  to  mention  such  common  and  widely  disseminated 
minerals  as  iron  pyrites,  crystalline'  quartz,  and  calcareous  spar. 
Magnetic  iron  ore  and  the  micaceous  oxide,  have  also  been  found 
in  this  group  in  small  quantities  ;  and  I  have  already  mentioned 
crystallized  epidote,  in  the  varioloid  wacke.  In  the  amphibolic 
aggregate,  in  Newport,  I  found  a  vein  of  crystallised  zoisite,  about 
four  inches  wide,  and  several  feet  long.  In  other  parts  of  the 
globe,  graywacke  is  a  repository  of  gold ;  and  the  clay  slate  con- 
nected with  it,  (transition  clay  slate,)  contains  the  richest  veins  of 
silver  in  New  Spain,  according  to  Baron  Huml>oldt.||  But  neither 
of  these  metals  have  been  found  in  these  rocks  in  Massachusetts. 

In  the  varioloid  rocks  of  Brighton,  Professor  Webster  has  found 
sulphate  of  lime  and  baryta.  The  latter  is  said -to  occur  also 
io  Milton  :  and  also  fibrous  limestone  in  thin  veins  in  wacke. 
Adularia  and  sulphuret  of  copper  have  been  found  also  at  Brighton. 

•  System  of  Geology,  Vol.  IL  p.  305.    London,  1831. 

f  Traite  De  Mineralogie,  Vol.  I.  p.  717.    Paris,  1830. 

t  Traite  De  Chimie  Appliquee  aax  Arts,  Vol.  I.  p.  606.    Pari.s,  1829. 

'I  Superposition  of  Rock",  p.  105. 
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Efflorescent  and  massivd  sulphate  of  iron  has  been  found,  accoid- 
ing  to  the  Messrs.  Danas,  on  the  argillaceous  slate  in  Cbarlestowo. 

Dr.  Robinson  says  that  the  graywacke,  near  Providence,  is 
traversed  by  veins  of  quartz^  containing  fluor  spar. 

In  Brighton,  in  the  varioloid  wacke,  I .  noticed  fibres  of  green 
asbestus  traversing  quarts,  which,  by  the  coloring  niatter  of  the 
asbestus,  was  converted  into  prase.    (No.  391.) 

Organic  Remaim. 

Having  been  disappointed  in  several  efforts  to  obtain  organic 
relics  in  the  gray  wacke  formation,  where  I  knew  them  to  exist,  I 
am  prepared  to  give  only  a  meagre  account  of  them  in  this  place. 

All  those  which  I  have  met  with,  were  probably  of  vegetable 
origin. 

In  Taunton  I  was  shown  several  imperfect  specimens  obtained 
near  the  village,  which  evidently  belong  to  some  of  the  gigantic 
races  of  plants  now  extinct,  which  flourished  in  the  earlier  peri- 
ods of  the  world.  I  recognised  them  as  bearing  a  strong  resem- 
blance to  some  of  the  larger  species  occurring  in  the  coal  mines  in 
the  valley  of  Wyoming  in  Pennsylvania :  but  having  had  no  op- 
portunity to  compare  these  specimens  with  drawings,  or  descrip- 
tions, 1  can  describe  them  only  in  general  terms. 

In  Attleborough,  east  parish,  a  mile  south  of  the  meeting  bouse, 
I  found  an  organic  relic  in  a  dark  hard  slate,  which  so  much  resem- 
bles the  Fucoides  found  in  the  new  red  sandstone  of  the  Connec- 
ticut valley,  that  I  cannot  but  refer  it  to  that  genus ;  not,  however, 
without  doubu  as  to  its  nature.  (No.  400.) 

According  to  Dr.  Webb,*  vegetable  impressions  are  found  on 
slate  in  Pawtuxet,  which  lies  on  the  west  shore  of  Narraganset 
Bay,  south  of  Providence.  They  seem  to  belong  chiefly  to  the 
fern  tribes. 

The  same  is  true,  I  believe,  of  those  found  at  the  coal  mines  in 
Portsmouth.  It  was  probably  from  this  locality  that  the  two  spec- 
imens mentioned  in  De  la  Beche's  Manualf  were  obtained.  One 
is  the  fern  Pecopterit  argtUa ;  and  the  other,  the  anomalous  plant, 
AtteraphyUites  equiietiformis ;  which  as  yet  has  been  referred  to 
no  established  class. 

In  the  southeast  part  of  Newport,  where  occur  some  narrow  beds 
of  anthracite,  vegetable  remains  are  common.  Of  two  of  these 
I  have  given  a  sketch.  Plate  XI.  fig.  10,  bears  considerable  re- 
semblance to  an  Eqaisetum,  as  figured  by  Adolphe  Brongniart  on 
plate  12,  fig.  Id,  of  his  Vegetaux  Fossiles.  Plate  XIII.  fig.  43 
may  be  a  delicate  species  of  Nevropteris  of  the  same  author.  I 
noticed  there  some  other  species  of  the  same  genus. 


•  Am.  Journal  Science,  vol.  VIII.  p.  225. 
t  Pa^es  416  and  419,  second  edition. 
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Id  the  collection  of  the  Academy  of  Natural  Sciences  in  Phila- 
delphia, is  a  specimen  from  Newport,  R.  I.  which,  without  doubt, 
must  be  regarded  as  a  SigiUaria  ;  that  is,  the  truok  of  an  arbores- 
cent fern  :  presenting  cicatrices  similar  to  those  upon  the  gigantic 
tree-ferns  now  growing  in  tropical  regions. 

Vegetable  impressions  have  been  found  in  considerable  quantity 
in  the  excavations  for  coal  in  Wrentham.  The  most  common  is 
what  I  have  supposed  to  be  several  species  of  Catamites,  of  Ad. 
Brongniart.  Some  of  them  are  several  inches  io  width  ;  and  are 
marked  out  on  the  rock  by  a  plaited  layer  of  green  indurated  talc — 
a  most  remarkable  mineralis^r!  Plate  XIII.  fig.  41,  represents 
a  small  portion  of  one  of  those  Calamites,  which  exhibits  numer- 
ous small  seams  running  obliquely  across  the  specimen,  like  the  C. 
nodosus  of  Brongniart.  On  fig.  4S^may  be  seen  two  quite  differ- 
ent impressions  :  a  and  b  are  furrowed  longitudinally,  and  appear 
to  be  branched :  perhaps  a  part  of  an  Equisetum.  The  other 
fan-like  impression,  with  radiated  stris,  may  perhaps  belong  to 
the  genus  Cyclopteris  of  Ad.  Brongniart :  though  I  am  not  with- 
out suspicion  that  this  also  may  be  an  Equisetum. 

Theoretical  Considerations. 

In  general  the  theoretical  views  that  have  been  presented  in 
relation  to  the  origin  of  the  new  red  sandstone,  will  apply  to  the 
graywacke.  Two  or  three  circumstances  only,  in  relation  to  this 
latter  rock,  need  any  additional  remarks. 

One  is  the  more  decided  evidence,  which  the  graywacke  pre- 
sents, of  the  operation  of  chemical  agencies  in  its  production. 
This  is  obvious  in  the  more  crystalline  aspect  of  the  rock  in  gen- 
eral, and  especially  of  certain  varieties ;  and  in  the  numerous 
veins  traversing  it,  which  must  have  resulted  from  a  play  of  chem- 
ical affinities.  And  if  it  be  admitted  that  internal  heat  in  the 
earth,  which  every  thing  proves  must  once  have  been  very  pow- 
erful, has  been  gradually  operating  less  and  less  upon  the  crust 
of  the  globe,  why  is  it  not  a  natural  inference,  that  the  older  the 
rock  the  more  crystalline  would  be  its  structure :  that  is,  if  we 
admit  that  the  heat  has  been  great  enough  to  change  the  arrange- 
ment of  the  particles  of  rocks,  whose  origin  was  mechanical :  and 
it  appears  that  such  a  change  may  take  place,  to  some  extent  at 
least,  far  below  a  melting  heat.  Only  admit  then,  that  the  gray- 
wacke is  an  older  rock  than  the  new  red  sandstone,  (and  it  seems 
to  me  that  the  veins  in  the  former  are  sufficient  to  prove  this,)  and 
we  should  expect  in  it  a  more  chemical  structure. 

Another  peculiarity  in  the  graywacke,  so  far  as  we  are  ac- 
quainted with  its  organic  remains,  is,  that  all  of  them  are  of 
v^etable  origin.  Whether  all  of  them  grew  upon  dry  land  is  not 
so  certain ;  if,  as  I  have  suggested,  a  Fucoides  occur  in  this  rock. 

35 
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The  beds  of  anthracite,  however,  prove  that  this  rock  was  formed, 
in  part  at  least,  on  a  surface  elevated  above  the  waters.  Yet  we 
must  call  in  the  aid  of  powerful  currents  to  account  for  the  accu- 
mulation of  rounded  nodules,  which  are  so  abundant  and  so  large 
in  some  varieties  of  this  rock :  and  then  the  inclined  position  of 
the  strata  proves  that  they  have  been  elevated  since  their  deposi- 
tion. Indeed,  it  seems  difficult  to  explain  all  the  phenomena  in 
this  graywacke,  or  any  other  formation  containing  coal,  with  some 
marine  relics,  without  supposing  at  least  one  or  two  elevations 
above,  and  depressions  below  the  waters,  during  the  period  of  its 
deposition.  And  if  we  admit  that  various  portions  of  the  earth's 
crust  have  from  time  to  time  been  elevated,  it  is  easy  to  conceive 
that  other  portions  must  have  been  depressed. 

The  occurrence  of  the  remains  of  arborescent  ferns  in  this 
rock,  demonstrates  the  existence  of  a  tropical  climate  in  Massa- 
chusetts previous  to  its  deposition :  a  conclusion  to  which  we  have 
already  been  brought  in  regard  to  the  period  in  which  the  mate- 
rials of  the  new  red  sandstone  were  produced.  These  facts  har- 
monize with  those  which  have  been  brought  to  light  in  other  re- 
gions of  the  globe ;  and  there  seems  no  longer  any  reason  to 
doubt,  that  the  temperature  of  the  globe  in  early  times  must  have 
been  jfar  higher  than  at  present.  The  region  around  Boston,  and 
consequently  the  whole  of  New  England,  was  undoubtedly  once 
covered  with  dense  tropical  forests. 

6.  ARGILLACEOUS  SLATE. 

This  is  one  of  those  rocks  whose  mineral  character  is  clear ;  it 
being  composed  of  schistose  clay,  more  or  less  indurated.  Th^ 
character,  however,  applies  to  the  shale  of  the  secondary  rocks, 
which  few  geologists  now  include  under  argillaceous  slate.  It  also 
applies  to  some  of  the  slaty  varieties  of  gray  wacke  :  and  Dr.  Mao- 
culloch  includes  under  argillaceous  slate  the  whole  of  the  gray- 
wacke  formation,  as  well  as  that  argillaceous  slate  which  is  asso- 
ciated with  rocks  older  than  graywacke.  But  De  la  Beche  limits 
the  term  to  this  last  named  slate,  excluding  the  graywacke,  which 
he  puts  into  a  separate  group.  I  prefer  his  arrangement  upon  the 
whole ;  though  in  adopting  it  I  find  myself  perplexed  to  deter- 
mine whether  the  ai^illaceous  slate  around  Boston,  belongs  to  his 
'  Inferior  stratified  or  Non-fossiliferous  Rocks,'  or  is  a  member  of 
the  graywacke  group;  where,  for  the  sake  of  convenience,  I  have 
described  it.  I  am  inclined  to  believe  that  it  should  be  separated 
from  the  graywacke ;  though  with  my  present  information,  I  can- 
not say  exactly  where  the  dividing  line  should  run.  But  the  fact 
that  no  organic  remains  have  been  hitherto  discovered  in  this 
slate,  and  the  occurrence  of  its  rolled  nodules  in  some  of  the  cod- 
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glomeratcs  of  the  graywacke,  as  well  as  its  geological  position, 
render  it  probable  that  it  is  considerably  older  than  most  varieties 
of  graywacke. 

In  respect  to  the  other  patches  of  ai^illaceous  slate  exhibited 
OD  the  Map,  there  can  be  little-  doubt  but  they  belong  to  De  la 
Becbe's  Inferior  Stratified  or  Non-fossiliferous  Rocks ;  though  I 
doubt  not  but  some  of  them  would  be  placed  by  a  Wemerian  ge- 
ologist among  the  *  transition  clay  slates.'  But  I  regard  it  as  quite 
unprofitable  to  enter  upon  the  long  agitated  question  whether  our 
clay  slate  belong  to  the  transition  or  primary  class  of  rocks.  It 
will  be  in  season  to  discuss  this  point,  when  any  ono  can  show 
where  the  transition  class  begins  or  ends;  and  when  there  shall 
be  even  a  tolerable  agreement  as  to  the  place  in  the  series  where 
tbe  primary  class  commences.  A  mere  inspection  of  the  tabular 
view  of  our  rocks,  which  I  have  given  in  the  Atlas,  will  show  that 
our  views  on  these  points  will  depend  upon  the  system  or  classi- 
fication which  we  adopt.  I  shall  feel  satisfied  if  I  can  correctly 
describe  the  position  of  this  rock  in  respect  to  others.  In  what 
follows,  I  shall  leave  out  of  the  account  the  argillaceous  slate  in 
tbe  vicinity  of  Boston. 

Mineralogical  Characters. 

The  common  argillaceous  slate,  which,  in  its  most  perfect  state, 
forms  roof  slate,  is  the  only  variety  of  importance  belonging  to 
this  formation.  This  passes  by  slow  gradations  into  mica  slate  ; 
so  that  it  is  often  impossible  to  say  where  the  one  terminates  and 
the  other  commences.  Hence  some  of  the  specimens  which  I 
place  under  mica  slate,  other  observers  would  place  under  argilla- 
ceous slate,  and  vice  versa. 

The  lamins  in  the  best  varieties  are  straight  and  even :  but  as 
it  approximates  to  mica  slate,  they  become  minutely  undulated, 
the  surface  resembling  exceedingly  that  of  certain  shales  of  the 
new  red  sandstone  already  described.  Some  of  these  interme- 
diate varieties  are  remarkably  contorted  :  but  these  I  shall  describe 
under  mica  slate. 

In  Guilford,  Vt.  through  which  the  Franklin  county  range  of  this 
slate  extends,  I  have  observed  that  it  passes  into  a  fine  grained 
variety  of  chlorite  slate,  and  even  perhaps  into  novaculite.  That 
range  also  abounds  with  tuberculous  masses  of  white  quartz. 
Veins  of  quartz  also  occur  in  it,  as  I  shall  have  occasion  to  show 
more  particularly ;  and  in  Guilford  we  find  protruding  masses  of 
a  porphyroid  granite,  passing  into  compact  feldspar,  and  a  slaty 
mixture  of  this  last  mineral  and  quartz.  The  Worcester  county 
range,  also,  contains  granite. 
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Topography  of  the  ArgiUaceotu  Slate, 

With  the  exceptioQ  of  that  in  the  vieiDity  of  Bofton^  the  Map 
exhibits  but  three  ranges  of  argillaceous  slate  :  yiz.  in  the  coun- 
ties of  Worcester,  Franklin,  and  Berkshire.  And  it  happens  that 
in  all  these  cases,  except  perhaps  the  first,  the  principal  part  of 
the  range  lies  out  of  the  State,  either  in  New  Hampshire,  Ver- 
mont, or  New  York.  *  Two  miles  south  of  the  centre  of  Halifax, 
Plymouth  county,  also,  I  found  a  delicate  Tariety  of  argillaceous 
slate,  which  I  was  informed  was  discovered  in  digging  wells,  and 
that  it  lay  immediately  upon  granite.  (No.  363.)  But  whether  it 
exists  to  any  considerable  extent  in  that  region,  I  am  unable  to  say. 

Worcester  county  Argillaceous  SlcUe, 

Some  geologists  would  probably  regard  the  slate  that  forms  the 
roof  and  floor  of  the  mine  of  anthracite  in  Worcester,  as  argilla- 
ceous slate ;  and  maintain  that  the  range  of  this  slate  in  Worces- 
ter county,  extends  at  least  as  far  south  as  that  spot.  But  I  re- 
gard that  slate  rather  as  a  fine  mica  slate,  much  impregnated  with 
carbon,  which  gives  it  the  appearance  of  argillaceous  slate.  In 
almost  every  case  the  scales  of  mica  are  quite  distinct :  and  at  a 
short  distance  from  the  mine,  the  rock  assumes  the  characters 
of  mica  slate  distinctly ;  though  here,  as  in  most  of  the  range  of 
mica  slate  extending  from  the  mouth  of  Merrimack  river  to  the 
State  of  Connecticut,  much  of  the  rock  is  so  quartzose  that  it 
might  perhaps  be  regarded  as  quartz  rock.  I  have  not  found  any 
well  characterised  argillaceous  slate,  south  of  Boylston.  And 
north  of  this  place,  the  country  is  so  much  covered  with  diluvium, 
and  so  little  hilly,  that  the  slate  does  not  often  come  into  view. 
I  found  the  range,  however,  to  become  narrower  on  approaching 
the  north  line  of  the  State.  Its  characters  appear  most  fully  de- 
veloped in  Lancaster,  where  it  has  been  quarried  for  roofing  slate ; 
and  here  the  range  is  broadest.  How  far  it  extends  into  New 
Hampshire  I  have  not  ascertained ;  though  I  should  not  be  sur- 
prised to  find  it  even  crossing  that  State.  In  passing  from  Groton 
to  Townsend,  I  saw  frequent  examples  of  protruding  masses  and 
veins  of  granite  in  this  slate.  It  passes  on  either  side  into  the 
peculiar  mica  slate,  already  spoken  of  in  Worcester  county  ;  and 
m  this  latter  rock  protrusions  of  granite  are  not  unfrequent. 

Franklin  county  Argillaceous  Slate. 

It  will  be  seen  by  the  Map  that  this  range  occupies  a  considera- 
ble part  of  the  town  of  Bernardston,  passing  into  quartz  rock  on 
the  east,  and  into  mica  slate  on  the  west,  and  embracing  a  consid- 
erable part  of  two  mountains  of  considerable  height.  It  is  not, 
however,  till  we  pass  into  Vermont,  that  this  slate  assumes  its 
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most  perfect  characters.  Id  Beroardston  it  is  quarried,  indeed  : 
bat  not  I  believe  for  roofing  slate.  But  in  Guilford,  which  adjoins 
Massachusetts,  several  quarries  are  opened  for  this  purpose.  It 
there  forms  bills  of  considerable  elevation  ;  and  such  is  its  charac- 
ter farther  north.  It  has  been  traced  northward,  in  the  valley  of 
the  Connecticut,  80  or  90  miles,  in  Vermont ;  nor  do  I  know 
that  its  northern  limit  has  yet  been  ascertained. 

Berkshire  county  ArgiUaceous  Slate. 

This  ought  perhaps  rather  to  be  called  the  argillaceous  slate  of 
Rensselaer  and  Columbia  counties^  for  the  principal  part  of  it 
lies  in  New  York,  in  the  eastern  part  of  these  counties.  Near 
the  western  line  of  Massachusetts  it  passes  into  mica  slate,  talco- 
ai^illaceous  slate,  and  chlorite  slate,  by  taking  mica,  talc,  and  chlo- 
rite, more  or  less  abundantly,  into  its  composition.  The  same 
rock  forms  hills  and  patches  of  limited  extent  in  Williamstown, 
New  Ashford,  Richmond,  West  Stockbridge,  Egremont,  and  Shef- 
field. But  in  no  place  in  Massachusetts  will  it  answer  for  roofing 
slate.  For  this  purpose  it  is  wrought  extensively  in  Hoosic,  ijcb- 
anon,  and  Hinsdale,  N.  Y.  I  doubt  very  much  whether  the 
whole  of  this  stratum  in  Massachusetts  should  not  be  regarded  as 
an  imperfect  kind  of  mica  slate,  similar  to  an  intermediate  rock  of 
doubtful  character  occurring  in  Hawley,  Plainfield,  bc.^  which  I 
have  ranked  with  mica  slate.  Still,  as  Professor  Dewey,  who  has 
examined  this  rock  more  than  I  have,  regards  it  as  argillaceous 
slate,  I  follow  his  judgment. 

On  the  west,  this  range  is  connected  with  the  gray  wacke  form- 
ation of  Renssalaer  and  Columbia  counties  ;  and  on  the  east,  it  is 
associated  with  mica  slate,  and  a  limestone  usually  regarded  as 
primitive. 

Dip,  Direction,  and  Thickneu  of  the  Strata. 

Excepting  in  the  argillaceous  slate  connected  with  the  gray- 
wacke,  I  have  not  been  able  to  find  in  this  rock  planes  of  stratifi- 
cation running  in  a  different  direction  from  the  laroinse  ;  a  circum- 
stance very  common,  it  is  said,  in  Eurbpe.  But  in  general,  strata 
seams  are  discoverable,  lying  parallel  to  the  slaty  structure,  as  in 
mica  slate.  The  slate,  indeed,  contains  numereus  seams  not  coin- 
cident with  those  of  the  strata  :  but  there  is  rarely  any  continu- 
ous parallelism  among  them. 

The  predominant  direction  of  the  strata  and  of  the  lamime  of 
slate  in  all  the  ranges  of  this  rock,  except  that  around  Boston, 
and  that  in  Franklin  county,  is  north  and  south,  and  the  dip 
large ;  as  the  following  extract  from  my  travelling  notes  will  show. 
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In  Worcester  county. 

Harvard  and  Lancaster ;  direction,  north  a  few  degrees  east ; 
dip,  90^ 

Shirley  ;  direction,  north  and  south  ;  dip,  west,  small. 

Pepperell  and  Townsend  :  direction,  north  and  south ;  dip,  30^ 
to  60""  east. 

In  Franklin  county. 

Bemardston  ;  direction,  north  and  south  ;  dip,  20^  to  9(f  east. 
Guilford,  Vt. ;    direction,  .between  north  and  northeast;  dip 
near  90^ 

In  Berkshire  county. 

Taconic  range  :  direction,  north  and  south  ;  dip,  15®  to  70^  east 
If,  as  I  have  supposed,  the  strata  seams  are  parallel  to  the  lam- 
inae of  the  slate,  and  the  dip  approaches  90  degrees,  then  the  ac- 
tual thickness  of  this  rock  will  not  be  much  less  than  its  breadth 
on  the  surface.  As  to  its  perpendicular  thickness,  I  know  noth- 
ing. 

Organic  Remains, 

No  vegetable  or  animal  relic  in  a  fossil  state  has  hitherto  been 
found  in  the  argillaceous  slate  of  Massachusetts.  Since,  however^ 
this  rock  in  the  eastern  part  of  the  State,  is  associated  with  gray- 
wacke,  and  in  the  western  part  of  the  State,  passes  into  the  same, 
it  will  not  be  strange  if  organic  remains  should  hereafter  be  found 
in  it.  Every  range  of  this  rock,  however,  in  the  State,  we  have 
reason  to  believe,  belongs  to  the  oldest  varieties  of  argillaceous 
slate,  which  g^logists  have  described. 

Mineral  Contents. 

The  slate  of  the  Taconic  range  sometimes  contains  octahedral 
crystals  of  magnetic  oxide  of  iron,  as  well  as  the  sulphuret  of  the 
same  metal. 

The  clay  slate  in  Charlestown,  is  frequently  traversed  by  veins 
of  crystallized  quartz  and  calcareous  spar. 

The  most  interesting  mineral  in  this  rock  is  the  chiastolite,  or 
made  ;  which  is  found  in  Sterling  and  Lancaster.  There  is  a 
great  variety  in  the  manner  in  which  the  prisms  are  disposed. 
The  following  are  end  views,  of  the  natural  size,  of  some  of  the 
most  interesting  forms. 
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This  mineral  is  quite  abundant  in  the  clay  slate  in  these  towns, 
near  the  place  where  the  rock  passes  into  mica  slate.  It  changes 
insensibly  into  the  mineral  which  has  been  generally  called  andaU 
usite ;  and  the  opinion  of  some  of  the  ablest  mineralogists  of  the 
present  day^*  that  made  and  andalusite  are  the  same  species,  de- 
rives support  from  this  locality.  I  have  found  this  mineral  in  small 
crystals  in  a  loose  mass  of  argillaceous  slate  in  the  town  of  Wor- 
cester. (No.  404.) 

In  the  dark  colored  slate  that  lies  immediately  contiguous  to  the 
anthracite  bed  in  Worcester,  I  have  recently  found  beautiful  spec- 
imens of  green  amianthus,  (No.  1549)  and  good  specimens,  also, 
of  bucholzite  ;  (No.  1550)  or  if  it  be  not  bucholzite,  I  am  greatly 
mistaken.  This  latter  mineral  is  now  generally  regarded  as  a  va- 
riety of  fibrolite.  The  Worcester  specimens,  however,  differ 
considerably  in  appearance  from  the  fibrolite  of  Lancaster,  but 
very  much  resemble  the  bucholzite  found  in  the  State  of  Dela- 
ware. I  have  also  been  led  to  regard  the  rock  embracing  the 
Worcester  anthracite  as  a  variety  of  mica  slate  :  yet  it  would  gen- 
erally be  called  argillaceous  slate  ;  and  perhaps  it  ought  to  be. 
At  any  rate,  I  have  recently  received,  through  the  kindness  of 
Mr.  Lucius  F.  Clarke,  specimens  of  genuine  ai^illaceous  slate,  from 
Castleton,  Vt.  containing  very  well  characterised  bucholzite,  asso- 
ciated with  very  singular  ovoid  nodules  of  compact  sulphuret  of 
iron. 

Evidence  of  Disturbances  in  the  Argillaceous  Slate. 

I  do  not  here  refer  to  those  agencies  by  which  the  layers  of  this 
rock  have  been  elevated  from  a  horizontal  to  a  nearly  vertical  po- 

♦  Beudant's  Traite  de  Mineralogie,  Vol.  II.  p.  45.  An  interesting  paper  on  the 
identity  of  made  and  andalusite,  with  numerous  drawings  of  crystals  rrom  Lan< 
caster,  by  Dr.  C.  T.  Jackson,  is  contained  in  the  first  No.  of  the  Boston  Journal  of 
Natural  History,  just  published.  (June,  1834.)  He  has  clearly  ascertained  that  the 
two  minerals  are  only  varieties  of  one  species. 
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sition ;  nor  to  those  by  which  its  usual  flexures  have  been  produced  ; 
but  to  some  movements  that  have  taken  place  in  certain  anoma- 
lous directions.  The  instances  which  I  shall  refer  to,  all  occur  in 
the  Franklin  county  range,  and  mostly  in  Guilford,  Vt. 

In  some  instances  we  find  veins  of  quartz  in  the  slate,  as  repre- 
sented below.  Here  it  is  obvious,  both  from  the  curvatures  in  the 
undulating  ridges  of  the  slate,  and  from  the  wedge-form  shape  of 
the  veins,  that  a  force  must  have  acted  latterally  on  the  edges  of 
the  laminae,  while  they  were  in  a  partially  plastic  state  :  and  that 
an  infiltration  of  quartz  must  have  taken  place  subsequently.  It 
is  not  perhaps  difficult  to  conceive  bow  such  a  lateral  action  might 
have  taken  place,  when  the  strata  were  originally  elevated.  The 
specimen  from  which  the  drawing  was  taken,  (No.  411.)  was 
found  near  the  north  line  of  Guilford,  on  the  stage  road. 


In  the  principal  quarry  of  slate  in  that  town,  on  the  stage  road 
to  Brattleborough  from  Greenfield,  are  seen  occasionally  divis- 
ions, perpendicular  to  the  horizon,  and  to  the  laminae  of  the 
slate,  which  are  nearly  vertical,  and  run  north  and  south.  Not  un- 
frequently,  however,  the  slate  at  these  cross  fissures,  when  its  edges 
are  viewed  from  above,  is  bent  as  in  the  following  figures,  which 
exactly  represent  the  specimens,  No.  417  and  418. 
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In  the  latter  case  the  flexure  is  so  great  that  the  slate  is  partially 
broken ;  and  this  is  the  case  frequently ;  showing  that  when 
the  disturbance  took  place,  the  rock  was  only  imperfectly  plastic. 
The  quarry  yvhere  these  flexures  are  exhibited,  has  been  so  much 
excavated,  as  to  leave  a  wall  20  or  30  feet  high  ;  and  excepting 
at  these  transverse  fissures,  the  laminae  are  remarkably  even  ;  so  that 
the  phenomenon  is  rendered  very  striking.  It  must  obviously  have 
resulted  from  the  unequal  action  of  some  disturbing  force — per- 
haps that  by  which  the  strata  were  elevated — whereby  one  por- 
tion of  the  rock  was  pressed  forward,  faster  than  the  rest ;  though 
in  some  places  not  enough  to  separate,  but  only  to  bend,  the  slate 
while  in  a  soft  condition. 

At  the  Gorge,  or  Glen,  in  Leyden,  I  found  a  series  of  such 
slides  on  a  small  scale,  exhibited  by  the  slate :  as  in  the  following 
sketch ;  though  perhaps  the  rock  ought  to  be  regarded  as  mica 
slate.  (No.  416.)  Here  the  echellou  movement  took  place  in  a 
direction  at  right  angles  to  that  described  above. 


Another  disturbance,  much  more  remarkable,  appears  at  the 
quarry  in  Guilford  above  referred  to.  In  the  following  sketch  the 
observer  faces  the  north,  and  looks  directly  upon  the  edges  of 
slate,  as  it  remains  at  the  north  end  of  the  quarry,  in  its  natural 
position.  The  almost  uniform  dip  of  the  strata,  in  every  part  of 
this  quarry,  is  nearly  90® ;  leaning,  however,  a  little  to  the  east. 
And  such  is  their  position  at  the  north  end  of  the  quarry,  to  the 
height  of  15  feet,  as  represented  in  the  sketch.  But  from  10  to 
15  feet  of  the  upper  part  of  the  slate  are  bent  towards  the  west, 
so  as  to  incline  to  the  horizon  at  almost  every  angle,  from  0  to  90^.' 
Where  the  flexure  commences,  the  laminae  of  the  slate  are  quite 
broken  off*,  and  not  simply  bent,  as  in  the  case  of  the  disturbance 
in  a  perpendicular  direction  above  described.  Hence  I  infer  that 
the  former  flexure  was  not  produced  so  soon  as  the  latter  ;  not  in- 
deed until  the  rock  had  become  perfectly  consolidated.  The 
quarry  lies  upon  the  western  slope  of  a  hill  of  slate,  one  or  two 
hundred  feet  high  ;  and  the  facts  now  related  seem  incapable  of 
explanation,  but  by  supposing  a  prodigious  blow  to  have  been  given 

36 
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to  the  top  of  the  hill,  directed  from  east  lo  west  obliquely  down- 
wards. But  what  natural  agent  could  have  exerted  such  a  force 
on  such  a  point,  I  confess  myself  utterly  at  a  loss  to  imagine. 
Among  the  endless  variety  of  geological  hypotheses  that  have 
been  proposed,  I  could  not  call  one  to  n)ind.  which  would  apply 
at  all  to  this  phenomenon,  unless  it  be  the  supposition  formerly  ad- 
vanced, that  the  last  deluge  might  have  heen  produced  by  the  im- 
pinging of  a  comet  against  the  earth  !  I  confess  I  could  not  but 
inquire  whether  this  might  not  have  been  the  point  of  contact  1 


Disturbance  in  ll\e  Argillaceous  Slate :    Guilford,  Vt. 
Theoretical  Considerations, 

When  we  consider  the  nature  of  the  materials  composing  argil- 
laceous slate,  it  seems  diflicult  to  assign  any  other  origin  to  this 
rock,  than  deposition  from  water.  Indeed,  one  has  only  to  look 
at  a  clay  bed,  such  as  occurs  in  some  of  the  tertiary  strata,  which 
we  are  sure  must  have  been  deposited  from  water,  to  be  satisfied 
that  he  has  .before  him  clay  slate  in  its  unfinished  state ;  since 
nothing  but  the  consolidation  of  the  clay  bed  is  wanting  to  con- 
vert it  into  perfect  clay  slate.  But  what  agency  could  have  af- 
fected this  consolidation  ?  Mere  desiccation  would  do  much  ;  but 
it  is  difficult  lo  believe  that  this  could  have  produced  so  great  a 
degree  of  hardness,  and  that  shining  semi-crystalline  aspect  which 
the  older  clay  slates  exhibit.  Now  we  find  the  laminae  of  the 
clay  beds  horizontal,  or  nearly  so,  and  those  of  the  slate  highly 
inclined  ;  and  we  trace  evidences  of  a  powerful  force  producing 
flexures  in  this  rock  while  in  a  plastic  state.  Why  not  then  admit 
that  the  agency,  by  which  the  strata  were  elevated  and  the  plas- 
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tic  slate  produced,  was  igoeous  ?  And  then  we  can  easily  con- 
ceive how  the  rock  should  subsequently  have  been  so  thoroughly 
indurated.  Especially  why  hesitate,  when  the  fused  matter  pro- 
truded at  the  time  of  the  elevation  of  the  strata,  meets  us  in  al- 
most every  district  of  much  extent,  in  the  form  of  trap,  porphyry, 
sieoite,  or  granite  ? 

7.  LIMESTONE. 

No  rock  is  more  widely  diffused  in  nature,  or  less  liable  to  be 
mistaken,  than  the  carbonate  of  lime.  From  alluvial  marl  to  the 
saccharine  limestones  associated  with  gneiss  and  mica  slate,  we 
find  an  almost  endless  variety  of  this  rock ;  but  in  nearly  every 
case  a  drop  of  acid  will  enable  a  skillful  observer  to  detect  it  and 
distinguish  it  from  its  associates.  A  more  formidable  difficulty  has 
always  met  the  geologist  in  assigning  to  the  varieties  of  tKis  rock 
their  true  places  in  the  scale  of  strata. 

Most  of  the  limestone  in  Massachusetts  belongs  unquestionably 
to  the  oldest  varieties  of  that  rock.  The  newest  varieties  are  the 
fetid  and  bituminous,  which  are  associated  with  the  new  red  sand- 
stone, and  which  have  been  already  described.  I  have  also  given 
an  account  of  the  white  compact  limestone  of  Newport,  Rhode 
Island,  and  the  gray  limestone  of  Walpole,  with  the  suggestion 
that  they  probably  belong  to  the  gray  wacke  series.  All  the  other 
varieties  in  the  State,  I  shall  describe  in  this  place.  And  as  the 
localities  are  rather  numerous,  and  the  diversities  of  composition, 
structure,  and  aspect,  somewhat  great ;  I  shall,  to  save  repetition, 
follow  a  topographical  arrangement  in  the  description. 

Encrinal  Limestone  of  Bemardston. 

Since  the  first  edition  of  the  first  part  of  my  Report  was  pub- 
lished, I  have  had  the  satisfaction  of  discovering  organic  remains, 
of  the  family  of  encrinites,  in  the  bed  of  limestone  in  Bemardston. 
From  the  highly  crystalline  character  of  most  of  this  rock,  I  had 
been  led  to  suppose  it  older  than  the  encrinal  or  transition  lime- 
stone ;  and  that  it  formed  a  bed  in  the  argillaceous  slate  of  Ber- 
nardslon,  which  appears  to  be  one  of  the  oldest  varieties  of  that 
rock.  But  lis  organic  remains  settle  the  question  of  its  position  ; 
and  diflfering  in  dip  and  direction  from  the  slate,  I  have  been  led 
to  doubt  whether  it  really  forms  a  bed  in  that  rock.  The  slate  in 
the  vicinity  runs  nearly  north  and  south,  and  the  dip  is  nearly  90'; 
but  the  limestone  runs  N.  E.  and  S.  W.,  and  dips  S.  E.  not  more 
than  20**.  Besides,  the  rock  that  is  found  above  the  bed  of  lime- 
stone, (No.  601)  appears  to  be  mostly  composed  of  quartz,  and 
probably  ought  to  be  called  quartz  rock.     It  does  not  lie  in  imme- 
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diate  contact  with  the  limestone,  nor  is  the  slate  visible  immedi- 
ately beneath  the  limestone.  Upon  the  whole,  I  am  of  opinion 
that  this  limestone  lies  beneath  the  oldest  variety  of  the  new  red 
Sandstone  series,  which  has  been  described,  and  upon  the  argilla- 
ceous slate,  in  an  unconformable  position.  Probably  further 
research  might  settle  this  point  satisfactorily. 

Two  species  of  iron  ore  occur  in  this  limestone  ^  the  magnetic 
oxide,  (Aimant,  3e\}d^nif)  and  the  bog  ore,  or  hydrate  of  iron, 
{LiimonitQ  ocreitse,  Beudant.)  The  latter  is  disseminated  through 
a  large  proportion  of  the  upper  layers  of  the  limestone^  and  also 
forms  masses,  several  inches  thick,  between  these*  layers.  It  ex- 
actly resembles  the  common  bog  ore,  so  abundant  in  our  alluvial 
formations.  (No.  504.)  .  This  is  not  the  only  instance  in  which 
I  have  found  this  ore  between  the  strata  of  other  rooks,  as  1  shall 
have  occasion  to  show  hereafter ;  and  Beudant  mentions  several 
localities  in  Europe,  where  the  limonite  is  foiind  ^  between  the  beds 
of  divers  rocks,* 

The  magnetic  oxide  occurs  as  a  bed  in  the  limestone,  lower 
down  than  the  bog  ore.  The  bed  follows  the  dip  of  the  lime- 
stone, and  that  rock  is  much  impregnated  with  the  ore  in  the  vicin- 
ity ;  so  as  sometimes  to  produce  a  sort  of  brecciated  marble.  (No. 
472.) 

It  is  very  obvious  that  both  these  species  of  iron  ore  must  have 
been  of  contemporaneous  production  with  the  limestone,  since  it 
is  impossible  to  conceive  how  parrallel  interstices  could  have  ex- 
isted between  strata  so  little  inclined,  long  enough  to  be  filled  by 
watery  infiltration,  or  igneous  sublimation,  or  galvanic  agency, — 
the  only  modes  by  which  metallic  repositories  have  been  supposed 
to  be  filled.  That  the  bog  ore  was  deposited,  as  we  find  the  same 
ore  now  forming,  seems  highly  probable.  But  I  am  not  aware  of 
any  theory  which  will  satisfactorily  explain  how  the  magnetic  ox- 
ide, which  consists  of  69  parts  of  peroxide  and  31  of  protoxide, 
could  have  been  produced  in  conjunction  with  the  limestone. 

The  encrinal  remains  in  the  Bernardston  limestone  are  usually 
quite  imperfect ;  but  the^transverse  septa  and  the  central  perfora- 
tion are  generally  distinct.  Plate  XIV.  fig.  47,  exhibits  an  end 
view  of  one  encrinus,  about  an  inch  in  diameter;  and  a  view  of 
another,  lying  horizontally  in  the  rock. 

Berkshire  Limestone. 

This  rock  constitutes  a  portion  of  that  extensive  calcareous  for- 
mation, which  occupies  the  western  part  of  Connecticut,  Massa- 
chusetts, and  Vermont.  It  is  one  of  the  most  extensive  ranges  of 
limestone  in  the  world,  if  we  regard  it  as  primary,  according  to 
the  general  opinion  of  writers.  That  a  part  of  it  is  primitive,  in 
the  Wernerian  acceptation  of  the  term,  there  can  be  no  doubt : 
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for  it  is  interstralified  with  gneiss  and  mica  slate  in  the  eastern  part 
of  the  range,  and  it  is  highly  crystalline  in  its  texture.  But  as  we 
go  westerly y  the  interstralified  mica  slate  passes  into  clay  slate,  and 
the  limestone  becomes  less  crystalline,  and  assumes  a  gray,  and 
finally  a  dark  color.  Passing  still '  farther  west,  across  the  clay 
slate,  mto  New  York,  we  soon  come  to  a  range  of  limestone  deci- 
dedly more  recent,  which  Professor  Dewey  has  denominated  transi- 
tion limestone,  and  Professor  Eaton,  metalliferous  limestone.  Cross- 
ing this  rock,  which  is  only  a  few  miles  wide,  we  reach  decided 
graywacke  ;  and  this,  with  some  interruptions  of  limestone,  contin- 
ues nearly  to  Hudson  river ;  as  may  be  seen  on  the  Geological  Map 
by  Prof.  Dewey,  in  the  8th  vol.  of  the  American  Journal  of  Sci- 
ence, and  on  the  Geological  Section  of  Prof.  Eaton,  in  his  ^  Canal 
Rocks.' 

From  this  statement  the  geologist  infers  at  once,  that  here  is  a 
gradual  passage  from  the  oldest  limestone  to  that  which  is  associa- 
ted with  graywacke.  But  a  singular  anomaly  in  the  superposition 
of  the  series  of  rocks  above  described,  presents  a  great  difficulty 
in  this  case.  The  strata  of  these  rocks  almost  uniformly  dip  to 
the  east :  that  is,  the  newer  rocks  seem  to  crop  out  beneath  the 
older  ones ;  so  that  the  saccharine  limestone,  associated  with  gneiss 
in  the  eastern  part  of  the  range,  seems  to  occupy  the  uppermost 
place  in  the  series.  Now  as  superposition  is  of  more  value  in 
determining  the  relative  ages  of  rocks  than  their  mineral  charac- 
ters, must  we  not  not  conclude  that  the  rocks,  as  we  go  westerly 
from  Hoosic  mountain,  do  in  fact  belong  to  older  groups?  The 
petrifactions  which  some  of  them  contain,  and  their  decidedly  frag- 
mentary character,  will  not  allow  such  a  supposition  to  be  indulged 
for  a  moment.  It  is  impossible  for  a  geologist  to  mistake  the  evi- 
dence, which  he  sees  at  almost  every  step,  that  he  is  passing  from 
older  to  newer  formations,  just  as  soon  as  he  begins  to  cross  the 
valley  of  Berkshire  towards  the  west.  We  are  driven  then  to  the 
alternative  of  supposing,  either  that  there  must  be  a  deception  in 
the  apparent  outcrop  of  the  newer  rocks  from  beneath  the  older, 
or  that  the  whole  series  of  strata  has  been  actually  thrown  over,  so 
as  to  bring  the  newest  rocks  to  the  bottom.  The  latter  supposi- 
tion is  so  improbable  that  I  cannot  at  present  admit  it.  But  per- 
haps we  may  explain  the  anomaly  by  supposing  a  deception  in  the 
case.  It  may  be  that  the  relative  position  of  the  strata  is  as  in 
the  subjoined  ideal  section. 
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Gneiss  and  mica  Slate. 

In  the  greater  part  of  the  Hoosic  range,  the  strata  of  gneiss  and 
mica. slate  are  nearly  perpendicular  in  their  dip.  As  we  descend 
that  mountain  into  the  valley  of  Berkshire,  we  strike  first  a  range 
of  quartz  rock,  whose  stratification  is  very  oliscure,  and  which 
moreover  is  much  hidden  by  diluvium ;  so  that  the  junction  be- 
tween this  rock  and  the  mica  slate  and  gneiss  of  the  Hoosic  range, 
is  rarely  if  ever  exhibited.  As  we  proceed  west,  we  find  success- 
ive and  sometimes  interlaminated  strata  of  limestone,  and  mica 
slate ;  whose  connection  with  the  Hoosic  range  is  no  where  pre- 
sented, as  nearly  all  the  larger  streams  of  water  and  the  vallies 
run  in  the  direction  of  the  strata.  Now  may  not  the  strata  of  Berk- 
shire valley  rest  unconformably  on  the  mica  slate  and  gneiss  of  the 
Hoosic  range  ?  Certain  it  is  that  the  dip  of  the  former,  although 
in  the  same  direction,  is  considerably  less  than  that  of  the  latter. 
It  may  be,  also,  that  another  series  of  strata  farther  west,  (ex.  gr. 
the  clay  slate,  transition  limestone  and  graywacke,)  rest  unconform- 
ably on  the  edges  of  the  rocks  in  the  valley  of  Berkshire,  which 
may  pass  under  this  series,  as  the  older  mica  slate,  perhaps,  does 
under  the  quartz  rock  and  limestone,  as  exhibited  on  the  sketch : 
or  perhaps  the  rocks  of  Berkshire  valley  lie  in  a  basin,  whose  east- 
ern side  is  the  Hoosic  range,  and  whose  western  side  is  the  Tacon- 
ic  range.  Then  perhaps  the  transition  limestone,  clay  slate,  and 
graywacke,  may  fill  a  second  basin  farther  west.  Another  series, 
perhaps,  was  deposited  in  a  third  basin  still  farther  west ;  and  so 
on  till  all  the  earlier  rocks  are  included. 

This  view  of  the  case  is  rendered  more  probable  from  the  fact 
which  may  be  learnt  by  examining  the  sections  appended  to  this 
Report,  (Plates  XVH.  and  XVHI.)  that  the  prevailing  dip  of  the 
rocks  in  Massachusetts  is  towards  the  east.  Why  then,  it  may 
be  asked,  is  there  any  more  difficulty  in  regarding  the  rocks  of 
Berkshire  valley  as  resting  unconformably  on  the  the  older  strata, 
than  there  is  in  respect  to  the  new  red  sandstone  of  the  Connect- 
icut  valley,  which  has  an  easterly  dip,  like  the  subjacent  rocks  ? 
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The  very  great  dlfierence  of  mineral  character,  between  the  newer 
and  the  older  rocks  of  the  latter  valley,  is  one  reason  why  we  do 
not  hesitate  at  all  to  regard  the  newer  as  unconformable  to  the 
older :  whereas  in  Berkshire,  all  the  rocks  appear  to  belong  to  the 
oldest  class ;  that  is,  they  are  highly  crystalline  and  destitute  of 
organic  remains.  And  then  the  difference  of  inclination  between 
the  varieties  of  the  rocks  in  Berkshire  valley,  is  much  less  than 
in  the  valley  of  the  Connecticut.  Nevertheless,  he  must  be  a 
poor  geologist,  who. does  not  know  that  there  is  often  far  greater 
difference  in  position  and  mineral  character  between  many  mem- 
bers of  the  primitive  class,  than  between  some  members  of  that 
class  and  others  of  the  transition,  or  even  of  the  secondary  class. 
So  that  the  apparently  primitive  character  of  the  rocks  of  Berk- 
shire valley,  is  but  a  feeble  objection  against  their  resting  uncon- 
formably  on  those  of  Hoosic  mountain. 

The  greatest  difficulty  which  I  find  in  the  way  of  admitting  the 
hypothesis  above  suggested,  lies  in  the  fact,  that  the  change  from 
the  older  to  the  newer  rocks,  as  one  proceeds  westerly  across 
Berkshire  county,  seems  to  be  gradual :  whereas,  on  this  hpyoth- 
esis,  we  should  suppose,  that  since  the  rocks  dip  to  the  east,  the 
oldest  members  of  a  series  ought  to  be  found  on  the  western  mar- 
gin of  the  several  supposed  basins ;  and  that  the  change  ought  to 
be  sudden  and  great  in  passing  into  the  basin  next  west.  But  so 
different  does  the  limestone  of  the  western  part  of  Berkshire  ap- 
pear from  that  in  the  eastern  part,  that  Mr.  Eaton  proposes  to 
give  the  two  varieties  distinct  names,  founded  entirely  on  their 
mineral  characters,  that  in  the  eastern  part  being  decidedly  the 
oldest.  I  think,  however,  that  in  considering  tiiis  question,  we 
ought  to  leave  out  of  the  account  every  bed  of  limestone  occurring 
in  the  gneiss  and  mica  slate  of  the  Hoosic  range ;  since  this  is  un- 
questionably the  oldest  of  the  saccharine  limestone.  And  per- 
haps the  remaining  portions  of  this  rock  may  be  found  to  belong 
to  a  single  deposit.  At  any  rate,  I  regard  it  as  premature  to  as- 
sign a  distinct  name  to  any  part  of  this  limestone  range,  until  one 
part  can  be  proved  to  have  a  different  position,  in  relation  to  other 
rocks,  from  the  other.  For  after  what  Dr.  Macculloch  has  writ- 
ten on  this  subject,  in  his  Geology  of  the  Western  Islands,  and 
in  his  System  of  Geology',  it  seems  to  me  evident  that  mineral 
characters  alone  can  rarely  determine  even  the  class  to  which 
limestone  belongs. 

Notwithstanding  the  difficulties  which  I  have  suggested  to  the 
hypothesis  under  consideration,  I  know  of  no  better  explanation 
of  this  anomalous  case.  I  am  sustained  in  this  opinion  by  that  of 
Dr.  Emmons,  of  Williams  College,  whose  acuteness  of  observa- 
tion and  accuracy  of  discrimination  in  the  various  departments  of 
natural  history,  are  well  known.     It  is  to  be  hoped  that  either  he. 
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or  Prof.  Dewey,  whose  local  situations  and  geological  experience 
give  them  great  facilities  for  examining  the  point,  will  ascertain 
the  true  state  of  the  case,  and  thus  solve  an  interesting  geological 
problem.  Since  my  attention  has  been  called  to  it,  I  have  not 
felt  justified  by  my  commission  in  devoting  the  time  and  expense 
requisite  to  its  solution  :  since  the  examinations  would  delay  this 
Report  another  year. 

The  Berkshire  limestone  passes  through  numerous  gradations 
of  texture  and  color,  from  the  snow  white,  coarsely  granular,  and 
crystalline  variety  in  Adams,  to  the  white  almost  sandy  dolomite 
of  Sheffield,  and  to  the  dark  gray  almost  compact  variety  in  Wil- 
liamstown,  and  to  the  variety  even  darker  of  West  Stockbridge. 
The  specimens  that  have  been  polished  (Nos.  428  to  442)  will 
show  the  principal  varieties  of  marble  thence  derived.  The 
clouded  varieties,  although  very  rich,  are  less  esteemed  as  marbles, 
I  believe,  than  the  snow  white,  on  account  of  their  liability  to  be 
shaky.  This  tendency  results  from  the  nature  of  these  varieties ; 
composed  as  they  seem  generally  to  be,  of  limestone  and  ai^illn- 
ceous  slate.  The  different  varieties  are  frequently  interstratified 
at  the  same  quarry. 

A  large  proportion  of  the  Berkshire  limestone,  especially  along 
its  western  borders,  is  the  magnesian.  In  Williamstown  this  oc- 
curs crystallized,  or  as  a  rhomb  spar:  in  Bennington,  Adams,  Lee, 
Pittsfield,  Stockbridge,  Great  Barrington,  New  Marlborough,  Shef- 
field, and  indeed  in  nearly  every  town  in  the  county,  it  occurs 
either  coarsely  granular,  and  of  a  crystalline  structure,  or  so  finely 
granular  as  to  be  pulverulent.  This  latter  variety,  which  is  gen- 
uine dolomite,  abounds  most  in  the  south  part  of  the  county,  es- 
pecially in  Sheffield,  where,  according  to  Professor  Dewey,  it  is 
sometimes  fetid.  In  Canaan  in  Connecticut,  which  lies  contigu- 
ous to  Sheffield,  this  dolomite,  which  is  of  a  snowy  whiteness, 
disintegrates  abundantly  ;  leaving  in  many  places  loose  crystals  of 
white  augite  and  tremolite,  which  have  fallen  out.  In  other  places, 
as  in  Stockbridge,  it  is  of  a  gray  color. 

This  appears  to  be  the  oldest  variety  of  magnesian  carbonate 
of  lime  that  has  been  found  ;  corresponding  to  that  described  by 
Beudant,  as  occurring  in  St.  Gothard,  interstratified  with  mica 
slate.* 

A  considerable  proportion  of  the  limestone  in  West  Stockbridge, 
Lanesborough,  and  New  Ashford,  is  flexible  and  elastic.  Slabs  of 
it  a  few  feet  long,  and  from  one  to  two  inches  thick,  show  these 
properties  very  distinctly  by  supporting  the  ends,  especially  if 
they  are  thoroughly  wet.  Generally  the  grain  of  this  variety  is 
coarse  and  the  structure  rather  loose ;    though  sometimes  it  is  fine 

•  Mincralogie,  Tome  I.  p.  593. 
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grained.  Usually  it  is  white,  slightly  tinged  with  red ;  but  some- 
times gray  and  dark  colored.  According  to  Prof.  Dewey,  it  is 
the  common,  and  not  a  magnesian  carbonate.  The  slab  in  the 
collection  (No.  501)  is  from  New  Ashford  ;  where  it  is  abundant. 
Its  peculiar  properties  seem  to  depend  upon  the  agency  of  water : 
and  there  are  numerous  facts  that  render  it  probable,  that  many 
of  the  rocks  in  the  interior  of  the  earth  are  rendered  soft  and 
flexible  by  this  same  agent :  so  that  although  marble  and  sand- 
stone that  will  retain  their  flexibility  after  being  quarried,  are  rare, 
yet  probably  deep  in  the  earth's  crust  they  are  abundant. 

The  non-magnesian  as  well  as  the  magnesian  carbonate  of  lime 
in  this  county,  is  often  fetid.  In  Stockbridge,  this  is  sometimes 
the  case  with  that  which  is  white  and  coarsely  granular :  in  Wil- 
liamstown,  this  variety  is  dark  colored  and  fine  grained,  and  in 
Bennington  it  is  nearly  black. 

The  origin  of  the  fetid  odor  in  limestone,  quartz,  8z;c.,  has  been 
variously  explained.  The  natural  explanation  imputes  it  to  ani- 
mal matter,  which  has  been  imprisoned  since  the  original  forma- 
tion of  the  rock  ;  and  which  is  liberated  in  a  gaseous  form  by  fric- 
tion or  a  blow.  The  odor  is  commonly  said  to  be  that  of  sulphu- 
retted hydrogen :  though  I  confess  I  do  not  perceive  much 
resemblance.  But  even  if  this  be  the  case,  putrescent  animal 
matter  would  furnish  this  gas  abundantly.  And  if  we  adopt  the 
opinion  maintained  by  some  very  able  geologists,  that  all,  or  nearly 
all  limestones  were  produced  from  living  beings,  we  can  easily  un- 
derstand whence  this  animal  matter  proceeded. 

In  general  the  strata  of  the  Berkshire  limestone  have  a  dip  to- 
wards the  east,  between  15^  and  30°.  In  some  instances  it  is 
greater  ;  and  Prof.  Dewey,  from  whose  account  of  the  Geology  of 
Berkshire,  in  the  American  Journal  of  Science,  I  have  derived 
much  assistance,  says,  that  at  the  base  of  Saddle  mountain,  on  the 
northwest  side,  some  of  the  limestone  dips  to  the  west,  and  some 
is  perpendicular,  although  the  prevailing  dip  is  to  the  east.  He 
has  given  also,  in  the  same  work,  a  drawing  and  description  of  a 
singular  conformation  of  the  limestone  strata  near  the  College  in 
Williamstown.*  Not  improbably  this  is  only  an  example  ef  a 
concretionary  structure  on  a  large  scale  ;  though  possibly  it  might 
have  resulted  from  mechanical  agencies  in  early  times. 

I  have  never  seen  either  a  mass  of  granite  or  of  trap,  or  any 
other  unstratified  rock,  in  contact  with  this  limestone  ;  though  not 
improbably  such  junction  may  be  found.  The  following  is  a 
sketch  of  the  shifting  of  a  vein  of  white  carbonate  of  lime,  in  a 
slab  of  light  gray  marble,  five  feet  long  and  three  feet  wide,  taken 

•  Vol.  IX.  p.  19. 

37 


Digitized  by  VjOOQ IC 


302 


Scientific  Geology. 


from  a  quarry  in  New  Ashford.  a,  a,  Is  the  vein  of  the  carbonate 
of  lime,  and  d,  dy  a  somewhat  wedge  shaped  mass  of  dark  gray 
limestone,  five  inches  wide  at  its  base,  which  b  twice  cut  off,  once 
by  each  separate  portion  of  the  vein.  At  present  there  is  no 
fissures  at  all  in  the  slab,  and  apparently  it  would  not  break  more 
easily  in  one  direction  than  in  another.  As  to  the  strip  of  darker 
limestone,  (7,  d,  there  is  no  more  difficulty  in  accounting  for  its 
presence,  than  for  any  other  case  of  close  union  between  different 
varieties  of  a  rock.  But  if  we  suppose  the  two  veins,  o,  a,  to 
have  been  once  united  endwise,  it  is  extremely  difficult  to  imagine 
how  they  could  have  been  so  slidden  as  to  be  brought  into  their 
present  condition.  Dr.  Macculloch  has  described  a  similar  case  of 
disturbance  in  a  slab  of  marble  fix>m  Ireland  in  the  Transactions  of 
the  Geological  Society.**^  But  in  that  case  it  was  not  difficult  to 
imagine  how  the  fragments  of  the  vein,  by  a  series  of  slides,  might 
have  been  displaced  in  the  manner  exhibited  upon  his  drawing. 
In  the  present  case,  hotvever,  I  despair  of  being  able  to  explain 
that  sort  of  double  echellon  movement,  by  which  both  the  vein 
and  the  dark  mass  of  limestone  have  been  displaced. 

I  am  not  aware  that  in  any  case  the  limestone  of  Berkshire 
county  forms  hills  of  any  considerable  altitude.  In  general  mica 
slate,  with  quartz  rock,  composes  those  peaks  and  ridges  so  striking 
and  sometimes  so  lofty,  in  the  great  valley  of  this  county.  Wheth- 
er the  low  level  of  the  basset  edges  of  the  limestone  results  from 
the  greater  liability  of  this  rock  to  be  worn  away,  or  from  its  geo- 
logical position,  I  am  not  prepared  to  say ;  though  inclined  to  re- 
fer it  to  the  latter  cause. 

In  general  the  limestone  under  consideration  retains  its  charac* 
ters  distinctly  to  the  very  line  of  junction  with  other  rocks.  But 
not  unfrequently  the  two  rocks  are  intermixed  near  the  place  of 
contact.  The  dark  gray  limestones,  as  already  remarked,  appear 
to  contain  a  mixture  of  argillaceous  slate.  Frequently  we  find 
scales  of  mica  disseminated  in  the  limestones,  and  thin  layers  of 

♦  Vol.  IV.  p.  393. 
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talc.  Where  the  limestone  comes  in  contact  with  mica  slate,  in 
Canaan,  Ct.,  we  find  a  mixture  in  almost  equal  proportions,  of 
carbonate  of  lime,  mica,  and  quarts.  (No.  456.) 

In  Stockbridge  and  the  south  part  of  Lee,  two  or  three  varie- 
ties of  limestone  occur  of  rather  a  peculiar  character.  The  most 
abundant  of  these  has  externally  a  dark  gray  color,  occasioned  by 
one  or  two  foreign  minerals,  which  do  not  decompose  so  rapidly 
as  the  carbonate  of  lime.  When  the  specimens  are  broken,  the 
fresh  surface  is  yellowish.  What  the  disseminated  minerals  are, 
I  have  not  ascertained.  From  the  general  aspect  of  this  rock 
where  it  has  been  weathered,  one  would  not  suspect  it  to  be  lime- 
stone ;  and  it  scarcely  exhibits  any  traces  of  stratification.  (No. 
454.)  Farther  east,  at  the  village  of  South  Lee,  this  rock  is  suc- 
ceeded by  white  dolomite,  whose  strata  dip  west  about  45^  A 
mile  farther  to  the  east,  they  are  perpendicular. 

A  little  east  of  the  village  in  Stockbridge,  I  found  specimens 
which  contained  quartz  and  mica,  and  which  appeared  to  be  lime- 
stone passing  into  mica  slate,  just  as  in  Canaan,  Ct.  (No.  458.) 
The  same  rock  I  found  in  the  east  part  of  Lanesborough.  (No. 
457.) 

In  passing  from  West  Stockbridge  to  Chatham,  N.  Y.  we  find 
the  gray  limestone  traversed  by  innumerable  veins  of  white  quartz, 
so  that  the  mass  becomes  a  real  breccia.  (No.  453.)  This  rock  • 
is  quite  abundant  near  the  line  of  the  State.  As  we  pass  westerly 
from  this  line,  the  limestone  becomes  of  a  darker  color  and  rather 
more  compact,  and  alternates  with  bastard  mica  slate  and  argilla- 
ceous slate.  Frequently  this  limstone  is  traversed  by  numerous 
veins  of  white  calcareous  spar,  giving  it  a  striking  appearance. 
(No.  452.)  It  is  probably  interstratified  with  gray wacke  slate  in 
Renssalaerand  Columbia  counties,  N.  Y. 

I  have  already  mentioned  the  crystallised  tremolites  and  white 
augite  found  in  the  dolomite  of  Canaan.  The  same  minerals  oc- 
cur in  the  same  variety  of  rock  at  Muddy  Brook  in  Great  Barring- 
ton,  and  in  New  Marlborough,  and  the  former  in  the  south  part  of 
Lee  and  in  Sheffield.  In  the  14th  vol.  of  the  American  Journal 
of  Science,  I  have  described  four  modifications  of  the  secondary 
forms  of  the  augite ;  and  Prof.  Dewey,  in  the  8th  vol.  of  the 
same  Journal,  mentions  a  fifth.  In  Great  Barrington,  the  tremo- 
lite  is  found  in  beautiful  bladed  crystals.  This  mineral  is  often 
delicately  fibrous,  and  sometimes  radiated.  Indeed,  all  the  varie- 
ties arc  found  at  these  localities.  In  Sheffield  the  fibres  are  some- 
times more  than  two  feet  long,  and  embrace  crystals  of  iron  py- 
rites. These  fibrous  masses  are  mistaken  for  petrified  wood  ;  to 
which,  indeed,  they  bear  a  striking  resemblance. 

Carbonate  of  lime  is  often  found  crystallised  in  this  rock  in  tab- 
ular, lenticular,  fiw;.,  crystals.     It  is  also  more  frequently  found 
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laminated.  The  agaric  mineral,  it  is  said,  is  found  in  a  cave  in 
West  Stockbridge.  Concreted  carbonate  of  lime  occurs  in  the 
different  caverns  that  have  been  described  in  the  second  part  of 
this  Report.  Some  of  the  springs  in  Williamstown  deposit  calca- 
reous tufa. 

According  to  Cleaveland's  Mineralogy,  yellow  tourmaline  has 
been  found  in  Dalton,  near  the  Housatonic,  in  granular  limestone. 

Blanford  Limestone. 

After  the  publication  of  the  first  edition  of  the  first  part  of  my 
Report,  Mr.  Simeon  Shurtleff  of  Blanford,  discovered  a  bed  of 
serpentine  in  the  northwest  part  of  that  town,  and  in  the  vicinity, 
a  bed  of  limestone.  The  former  rock  will  be  described  in  another 
connection.  The  latter  will  be  noticed  here.  Since  their  discov- 
ery, I  have  had  opportunity  to  examine  them  personally  :  but  for 
the  specimens  in  the  collection,  I  am  indebted  to  Mr.  Shurtlefif. 

The  bed  of  serpentine  is  about  four  miles  northwest  of  Blan- 
ford meeting  house,  on  the  northeast  side  of  a  pond.  Immediately 
on  the  west  it  is  succeeded  by  hornblende  slale,  which  is  only  a 
few  rods  wide,  and  then  succeeds  granitic  gneiss.  The  limestone 
is  about  one  mile  south  of  the  serpentine,  and  about  the  same  dis- 
tance as  the  serpentine,  east  of  the  granitic  gneiss ;  and  although 
no  hornblende  slate  appears  between  them,  at  the  surface,  proba- 
bly it  exists  there.  Indeed,  no  rock  except  diluvium  is  seen  in 
place  around  the  limestone.  It  shows  itself  at  the  surface  only 
over  a  space  whose  diameter  is  about  a  rod.  Its  stratification  is  in- 
distinct ;  though  there  is  an  appearance  of  parallel  division,  cor- 
responding to  a  plane  which  runs  east  and  west,  and  dips  south 
about  45°. 

The  limestone  is  coarsely  granular,  white,  and  crystalline ; 
though  it  is  mixed  with  a  foreign  mineral,  perhaps augite, inconsid- 
erable quantity  ;  and  this  may  prevent  its  being  profitably  reduced 
to  quicklime.  It  is  well  worth  the  trial,  however,  in  a  region 
where  no  limestone  is  found.  (Nos.  477,  478.) 

No.  476  was  broken  from  a  coarsely  granular  limestone  bowl- 
der near  the  meeting  house  in  Blanford.  It  contains  numerous 
plates  of  graphite  disseminated  through  the  mass,  and  much  re- 
sembles specimens  that  I  have  seen  from  the  shores  of  lake  Cham- 
plain  :  nor  should  I  think  strange,  if  it  should  appear  that  this 
bowlder  was  brought  from  thence  by  the  diluvial  current,  which, 
as  I  have  shown  in  another  place,  once  swept  over  the  western 
part  of  the  State  from  the  northwest. 

Limestone  in  Bclchertown. 

My  attention  has  been  drawn  to  a  bed  of  limestone  in  Belcher- 
town,  just  in  season  to  mark  it  upon  the  third  edition  of  the  Map, 
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and  to  notice  it  in  this  edition  of  my  Report.  It  occurs  on  the 
farm  of  Justus  Forward,  ^q*>  half  a  mile  east  of  the  meeting 
bouse.  The  specimen  which  was  brought  to  me,  and  which  1 
anallised,  yielded  only  25  per  centum  of  carbonate  of  lime.  Its 
solution  in  nitric  acid,  also  was  milky,  indicating  the  presence  of 
magnesia.  But  having  visited  the  bed  since,  1  find  much  purer 
specimens.  The  bed  occurs  in  gneiss,  which  there  dips  at  a  small 
angle  to  the  northeast.  The  soil  has  so  covered  the  limestone 
that  the  extent  of  the  bed  cannot  be  determined,  until  this  is  re- 
moved. The  bowlders  on  the  surface,  however,  indicate  its  ex- 
tent to  be  considerable :  and  so  valuable  would  be  a  good  limestone 
quarry  in  that  place,  that  I  think  some  expense  ought  to  be  in- 
curred by  digging  and  blasting,  to  ascertain  the  nature  and  extent 
of  this  limestone. 

Micaceaus  Limestone. 

This  rock  might  very  properly  be  regarded  as  a  variety  of  mica 
slate  :  for  usually  it  contains  both  mica  and  quartz,  the  latter  al- 
ways ;  and  much  of  it  is  merely  mica  slate  which  takes  carbonate 
of  lime  into  its  composition.  When  the  carbonate  is  in  small  pro- 
portion, the  schistose  structure  of  the  mica  slate  remains ;  but 
when  the  mica  nearly  disappears,  the  slaty  structure  also  vanishes, 
though  still  the  rock  is  stratified  ;  the  dip  and  direction  conforming 
to  those  of  the  mica  slate.  It  forms  numerous  beds  in  the  exten- 
sive tract  of  mica  slate  on  the  western  slope  of  the  valley  of  the 
Connecticut ;  especially  along  the  eastern  border  of  the  mica  slate, 
from  Whately  northwards.  Several  beds  are  marked  on  the  Map, 
merely  to  indicate  that  they  are  numerous,  but  without  any  inten- 
tion of  giving  them  their  true  situation  and  extent.  In  some 
places,  as  in  Whately,  these  beds  occupy  half  the  surface ;  but  in 
general  the  mica  slate  greatly  predominates,  and  for  miles  the  lime- 
stone disappears.  (Nos.  459  to  467.) 

The  varieties  of  this  limestone  from  Conway,  Southampton  and 
Whately,  mentioned  in  the  first  part  of  this  Report  as  having  been 
anallised,  contain  respectively  58,  67,  and  78  per  cent,  of  carbon- 
ate of  lime.  Another  specimen  from  Williamsburg,  from  a  bowl- 
der to  which  was  attached  a  mass  of  mica  slate,  yielded  63  per 
cent,  of  the  carbonate  of  lime.  It  also  contained  magnesia,  since 
its  solution  in  nitric  acid  was  milky.  It  is,  however,  doubtful 
whether  this  specimen,  (Nos.  468,  469,)  ought  to  be  connected 
with  the  micaceous  limestone  under  consideration. 

The  carbonate  of  lime  in  this  rock  is  very  liable  to  be  sepa- 
rated from  the  mica  and  silex  by  the  action  of  air  and  moisture,  so 
as  to  leave  the  surface  of  the  rock  coated  over  with  a  gray  porous 
mass,  sometimes  even  several  inches  thick.  (No  467.) 

This  rock  is  frequently  traversed  by  veins  of  granite.  (No.  465.) 
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The  tortuosities  of  some  of  these  Teins  is  remarkable ;  of  which 
examples  will  be  given  when  I  come  to  describe  granite.  I  have 
not  generally  observed  any  very  striking  effects  produced  upon  the 
limestone  by  its  proximity  to  granite.  In  one  case,  however,  if  I 
mistake  not,  a  large  quantity  of  argentine  has  been  produced  by 
the  actionof  the  granite  on  the  limestone.  In  a  very  wild  and 
unfrequented  spot  in  the  northeast  part  of  Westhampton,  (not  in  the 
south  part  of  Williamsburg,  as  all  the  authorities  state,)  a  huge 
mass  of  coarse  granite  lies  in  a  valley,  apparently  in  situ.  At  its 
southern  extremity,  which  is  represented  on  the  following  sketch, 
and  which  is  an  uneven  perpendicular  wall  from  10  to  15  feet 
high,  project  the  edges  of  schistose  rocks;  most  of  which  is  mica 
slate,  but  a  part  is  micaceous  limestone.  These  rocks  appear  to 
be  merely  the  fragments  which  adhered  to  the  granite,  when  it  was 
raised  through  the  slates,  or  when  these  were  torn  off  from  the 
granite.  Most  of  the  layers  are  perpendicular :  but  some  of  them 
towards  the  eastern  side,  are  much  bent  and  become  almost  hori- 
zontal. Here  the  ai^entine,  a,  a,  appears,  lying  for  the  most  part 
between  the  slate  and  the  granite ;  penetrating  both  rocks,  indeed, 
a  short  distance,  but  not  forming  what  ought  to  be  called  a  vein  in 
either.  It  does  not  enter  the  granite,  as  far  as  I  could  ascertain, 
but  a  few  inches.  And  it  is  that  part  of  the  stratified  rock  that 
lies  in  the  vicinity  of  the  argentine,  which  is  micaceous  limestone. 


Argentine  with  Mica  Slate  and  Granite :  Westhampton. 

Now  my  hypothesis  is,  that  when  the  granite  was  protruded  into 
the  mica  slate  and  coarse  limestone,  while  in  a  melted  state,  its 
heat  by  decomposition  or  sublimation,  or  both,  forced  the  carbon- 
ate of  lime  into  the  cavities  that  were  produced  by  the  elevation 
of  the  rocks,  where  it  assumed  the  form  of  that  very  pure  variety 
of  carbonate  of  lime  called  argentine  or  slate  spar.     Whether  its 
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intrasion  among  tbe  sinuosities  of  mica  slate  caused  it  for  the  most 
part  to  assume  a  similar  structure,  I  do  not  undertake  to  decide. 
Nor  do  I  feel  much  confidence  in  any  part  of  this  hypothesis, 
though  it  seems  to  me  worthy  of  consideration. 

In  Vermont,  near  Connecticut  river,  limestone  is  found  among 
the  layers  of  aipllaceous  slate.  Here  it  is  destitute  of  mica,  and  is 
mixed  with  the  argillaceous  slate  in  such  proportion  as  scarcely  to 
be  distinguished  from  it,  except  by  its  effervescence  with  acids : 
yet  it  appears  to  be  closely  allied  to  micaceous  limestone. 

Limestone  of  Wkitingham,  Vt. 

This  bed  of  limestene,  as  may  be  seen  by  the  Map,  approaches 
nearly  or  quite  to  the  north  line  of  Massachusetts,  and  lies  near 
the  junction  of  a  range  of  talcose  slate  and  gneiss.  It  is  stratified 
and  the  dip  is  not  far  from  30^  west,  the  direction  being  north  and 
south.  By  following  down  a  small  tributary  of  Deerfield  river, 
which  has  laid  bare  this  limestone  in  the  southwest  part  of  Whi- 
tingham,  a  good  opportunity  is  afforded  for  examining  its  characters. 
It  is  white  and  decidedly  crystalline,  though  often  containing  bronze 
colored  mica,  and  sulphuret  of  molybdenum  in  small  plates.  I 
found  associated  with  it,  also,  actynolite,  common  augite,  and  mus- 
site.  Though  a  mile  or  two  in  length,  the  breadth  of  the  bed  is 
very  inconsiderable.  Its  geological  associations  render  it  certain 
that  this  is  one  of  the  oldest  Varieties  of  limestone. 

About  16  miles  north  of  this  bed,  at  an  iron  or  gold  mine  in 
Somerset,  is  a  very  elegant  variety  of  dolomite,  occurring  in  beds 
in  talcose  slate.  Some  of  it  exceedingly  resembles  the  purest 
loaf  sugar.  (Nos.  483, 484.) 

Limestone  in  Bolton^  Boxhorough^  Littleton^  Acton^   Carlishy 
and  Chelmsford. 

The  geological  situation  of  these  limestone  masses  and  their  min- 
eral character  are  so  similar,  that  one  description  will  embrace 
them  all.  They  all  correspond  to  the  description  which  Dr.  Mac- 
cuUoch  gives  of  the  limestone  of  Tirey,  one  of  the  Western 
Islands  of  Scotland.  ^  It  is,'  says  he,  '  improperly  called  a  bed,  as 
it  is  only  an  irregular  rock  lying  among  the  gneiss  without  stratifi- 
cation or  continuity.  In  this  respect  it  resembles  the  greater  num- 
ber of  primary  limestones  found  in  gneiss  and  mica  slate,  and  may 
be  considered  as  a  large  nodule.'  *  It  will  be  seen  by  the  Map 
that  all  these  masses  are  in  a  gneiss,  formation  which,  however, 
often  passes  into  mica  slate,  and  contains  numerous  protrusions  and 
veins  of  granite.  The  dip  and  direction  of  the  gneiss  surrounding 
the  limestone  are  visible  at  nearly  all  the  quarries  :  but  the  lime- 
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stone  itself  rarely  exhibits  any  distinct  marks  of  stratification. 
And  as  every  one  of  these  localites  contains  a  quarry,  a  good  op- 
potunity  is  presented  for  examining  the  structure  of  the   rocks. 

In  my  own  opinion,  there  can  be  little  doubt  that  this  want  of 
stratification  results  from  the  agency  of  granite.  At  any  rate,  if 
this  be  admitted  to  be  a  rock  of  igneous  origin,  its  contiguity  to  a 
bed  of  limestone,  while  yet  in  a  melted  condition,  will  explain  the 
obliteration  in  that  bed  of  the  stratified  structure :  and  I  can  imag- 
ine no  other  cause  that  will  explain  it.  I  did  not  observe,  indeed, 
the  contact  of  granite  with  the  limestone,  except  at  the  principal^ 
or  north  quarry  in  Bolton.  But  at  that  place  the  stratified  struc- 
ture is  more  completely  destroyed  than  at  any  other.  Yet  1  did 
not  search  for  granite  in  the  vicinity  of  the  other  masses  of  lime- 
stone, as  my  attention  was  not  till  recently  particularly  called  to 
this  subject ;  and  probably  it  may  be  found  near  most  of  them,  if 
not  concealed  by  the  soil.  Or  if  not,  there  is  evidence  that  gneiss 
has  been  subject  to  a  degree  of  heat  little  inferior  to  a  melting 
heat. 

Nearly  all  the  limestone  at  these  quarries  is  coarsely  granular 
and  highly  crystalline.  It  is  almost  uniformly  fetid  also ;  some- 
times so  much  so  as  to  produce  nausea  when  struck,  in  a  stomach  of 
much  sensibility.  This  was  very  unexpected  to  me  in  limestone  of 
such  great  relative  age  ;  the  fetid  limestones  of  Europe  being 
almost  exclusively  found  in  secondary  rocks. 

Although  but  a  single  bed  of  limestone  is  marked  upon  the  Map 
in  each  of  the  towns  mentioned  above,  yet  in  most  of  them  there 
are  several ;  some  of  them  one  or  two  miles  distant  from  one  an- 
other. In  Bolton  are  two,  in  Boxborough  one,  in  Littleton  three, 
in  Acton  one,  in  Carlisle  two  or  three,  and  in  Chelmsford  two  or 
three.  Not  improbably  others  exist  in  the  neighboring  towns, 
which  escaped  my  notice. 

The  simple  minerals  imbedded  in  this  limestone  are  numerous 
and  interesting.  In  general,  specimens  from  the  different  locali- 
ties cannot  be  distinguished ;  though  particular  minerals  are  more 
perfectly  developed  at  one  place  than  at  others ;  and  one  or  two, 
perhaps,  are  found  only  at  one  quarry.  The  most  common  and 
abundant  mineral  is  scapolite.  It  occurs  both  crystalised  and 
compact ;  and  at  all  the  localities  above  referred  to.  The  crys- 
tallised variety  is  most  abundant  at  Bolton,  Boxborough,  Chelms- 
ford, and  Littleton  ;  particularly  at  the  two  first  named  places. 
The  crystals  are  sometimes  transparent,  more  commonly  opaque 
and  white,  having  begun  to  decompose.  Sometimes  the  crystal 
exhibits  the  the  primary  form,  or  a  right  square  prism,  acuminated 
by  four  planes  set  on  the  lateral  plajies.  More  commonly,  how- 
ever, the  lateral  edges  are  slightly  truncated.  Some  of  these  crys- 
tals are   one  or  even  two   inches  in  diameter ;  though  in  such 
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cases  generallj  imperfect.  Often  this  mineral  is  compact,  and  the 
color  either  white  or  lilac  red.  This  red  color^  however,  occurs 
also  in  that  which  exhibits  an  aggregation  of  prisms.  Bolton  and 
Boxborough  yield  an  abundance  of  this  beautiful  variety. 

It  is  probable  that  the  mineral  from  Bolton,  described  by  Mr. 
Brooke,  under  the  name  of  Nuttallite,  is  only  a  variety  of  scapo* 
lite. 

Augite,  actynolite,  pargasite,  and  radiated,  fibrous,  and  brown  ' 
hornblende,  are  among  the  minerals  found  in  this  limestone ;  the 
two  first  at  all  the  localities,  the  third  at  Carlisle  and  Boxborough ; 
and  the  fourth,  according  to  Mr.  Nuttall,  at  Bolton. 

Phosphate  of  lime,  sometimes  in  hexaedral  crystals,  but  more 
commonly  masnve,  is  found  at  Bolton,  Boxborough,  and  Littleton ; 
usually  in  scapolite.     Its  colors  are  green  and  purple. 

Genuine  petalite,  (from  which  lithia  has  been  obtained,)  exists 
at  the  south  quarry  at  Bolton,  associated  with  the  scapolite. 

At  Chelmsford  small  masses  of  black  serpentine  occur  in  the 
limestone,  and  at  Littleton  also  of  a  lively  green  color. 

At  Carlisle,  close  by  the  turnpike  from  Concord  to  Groton, 
Prof.  Webster  discovered  a  few  years  since,  a  splendid  garnet, 
which  is  probably  a  cinnamon  stone.  The  specimens  which  can 
now  be  obtained,  give  but  a  poor  idea  of  the  richness  of  some  of 
those  which  were  first  procured.  Probably  extensive  exploration 
might  bring  to  light  finer  specimens.  The  same  mineral  is  found 
at  Boxborough. 

At  Bolton  rhomb  spar  occurs  :  and  both  there  and  at  Boxbor^ 
ougb,  a  beautiful  variety  of  flesh  colored  calcareous  spar  in  foliat* 
ed  masses. 

At  Bolton,  also,  a  new  mineral  has  been  discovered,  which  Dr. 
Thomson  has  denominated  from  its  chemical  composition,  Binli' 
cate  of  Magnesia ;  and  Mr.  Shepard,  with  reference  to  its  locali- 
ty, calls  it  Bohonite.^  It  occurs  in  foliated  masses  in  the  lime- 
stone. (Nos.  521,  523.) 

In  the  same  place,  at  the  south  quarry,  sphene,  or  silico-calca- 
reous  oxide  of  titanium  is  not  an  uncommon  .mineral  in  distinct 
crystals.  Tremolite,  also,  is  said  to  occur  there  in  fibrous  mass- 
es :  also  gadolinite,  according  to  Professor  Webster :  also  talc  in 
veins,  as  well  as  at  Littleton. 

Very  delicate  and  beautiful  amianthus  is  found  in  veins  in  the 
limestone,  about  two  miles  southwest  of  the  centre  of  Chelms- 
ford. The  fibres  are  sometimes  two  or  three  inches  long,  and  re- 
semble the  finest  and  most  beautiful  white  silk.  The  same  min- 
eral in  small  qi^ntities  is  found  at  Bolton.  (Nos.  523,  524.) 

In  season  for  the  second  edition  of  my  Report,  I  have  received 
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from  Dr.  Charles  T.  Jackson,  a  full  account  of  sereral  interestii^ 
minerals  found  at  the  limestone  quarries  above  described  ;  and  I 
am  happy  to  have  the  opportunity  of  annexing  it  to  the  preceding 
stetementSy  for  the  most  part  in  diat  gentleman's  own  language. 

Perhaps  the  most  interesting  mineral  1  found  at  these  quarries  is 
the  spinelle,  especially  the  ruby ;  and  it  ought  here  to  be  mentioned 
that  its  discovery  was  made  by  Dr.  Jackson,  in  1824,  and  not  by 
Prof.  Nuttall,  as  is  usually  stated.  Besides  the  localities  of  spinelle 
mentioned  below  by  this  gentleman,  I  ought  to  state,  that  the 
pleonaste  occurs  at  Acton,  both  massive  and  in  regular  octahedra. 

*  The  ruby  from  Bolton,'  says  Dr.  Jackson,  <  is  of  a  delicate 
rose  red,  and  will  come  under  the  head  of  Balass  ruby.  It  gen- 
erally occurs  in  flattened  octahedra  with  cuneiform  summits  pro* 
duced  by  the  lateral  elongation  of  the  octahedron.  It  serves  per- 
fectly well  for  cutting  glass,  and  in  the  place  of  the  writing  dia- 
mond. I  have  given  a  few  crystals  to  Mr.  J.  Bigelow,  who  has 
used  them  for  jewelling  watches.  The  crystals  are  easily  detached 
from  the  matrix  by  means  of  muriatic  acid,  which  dissolves  away 
the  lime. 

<I  have  several  doubtful  minerals  from  Bolton,  which  I 
shall  this  summer  endeavor  to  determine.  Those  that  are  pretty 
well  determined  are  the  following. 

'  At  Bolton  in  granular  limestone  imbedded  in  gneiss,  Allanite : 
it  occurs  in  the  petalite  in   quadrangular  rhombic  prisms. 

'  Yttro-ceriie  1  in  rhombic  and  six  sided  prisms.  I  found  a  crystal 
of  this  mineral  one  fourth  of  inch  an  long  in  the  petalite* 

<  The  above  occur  at  Hildreth's  quarry. 

'The  following  were  found  at  Whitcomb's  quarry,  situated 
about  one  eighth  of  a  mile  from  the  former,  and  still  explored  for 
limestone. 

'  Magne&ite^  Potstone,  or  contact  talc :  in  veins  and  nodules 
three  or  four  inches  thick,  associated  with  talc  and  rhomb  spar. 

'  Serpentine,  It  occurs  in  rhombicjcrystals  which  may  easily  be 
measured  by  polishing  the  limestone  in  which  it  occurs,  transversly 
across  the  extremities  of  the  crystals.  This  mineral  is  found  in 
considerable  quantity.  The  best  specimens  are  found  in  a  heap  of 
refuse  limestone  rock,  between  Hildreth's  and  Whitcomb's  quarry. 
The  polished  specimens  are  very  handsome,  and  might  be  used 
for  ornamental  purposes.  It  is  fully  equal  to  the  verd  antique  in 
beauty.  Slabs  three  feet  in  length  may  easily  be  sawed  out. 
The  serpentine  is  of  a  bright  green  color,  and  when  broken,  has  a 
conchoidal  fracture  and  waxy  lustre. 

'  At  Littleton  I  found  the  following  minerals  in  the  limestone  of 
that  place,  which  is  a  bed  in  gneiss,  like  that  in  Bolton,  and  oc- 
curs near  a  little  lake,  called  fort  Pond. 

*  Scapolite  in  large  prismatic  crystals,  from  one  and  a  half  to  two 
inches    in   diameter,  and   seven  or  eight  in  length.     It  occurs  in 
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greasy  quartz.  The  sea  polite  occurs  also  massive  in  veins,  and  in  a 
compact  form  of  a  beautiful  lilac  color. 

'  Petalite  of  a  reddish  tinge.  Augite  and  Sahlite,  Spinelle 
PhonastCy  SpineUeRuby,  and  a  very  handsome  hair  brown  Spi- 
nellcy  in  limestone.  The  spinelle  is  associated  with  nodular^ Cramer 
and  Pargasite.  Serpentine,  sometimes  crystalized  in  rhombic 
prisms.  Pyrallolite  of  a  grayish  blue  color,  but  it  becomes  changed 
to  yellow  by  the  action  of  the  weather,  as  it  does  before  the  blow- 
pipe. (BoUonite  of  Shepard  ?  E.  H.)  ^hene  like  that  of  Bolton. 

'  At  Boxboro'  the  bed  of  limestone,  like  that  in  Bolton,  occurs  in 
gneiss.  It  contains  nearly  all  the  species  found  at  Littleton,  and 
furnishes  besides  the  most  perfect  specimens  of  a  beautiful  wine 
yellow  garnet,  which  has  been  called  cinnamon  stone.  It  is  dif- 
ficult to  obtain  perfect  crystals,  although  those  with  two  or  three 
faces  of  the  rhombic  dodecaedron  are  easily  obtained.  Some  in 
my  possession  measure  an  inch  across  the  planes.  Boxboro'  fur- 
nishes the  best  crystals  of  brown  spinelle,  of  pleonaste,  and  of  the 
granular  Pargasite. 

'  At  Chelmsford,  the  limestone,  still  in  gneiss,  occurs  in  several 
beds  near  each  other.  In  this  limestone,  in  1825,  I  discovered  a 
fine  sapphire  blue  spinelle,  associated  with  tremolite.  The  crys- 
tals were  one  fourth  of  an  inch  in  length,  transparent,  and  clear  of 
all  imperfections.  Having  never  seen  this  variety,  I  named  the 
specimens  which  I  sent  abroad,  Spinelle  Sapphire,  or  Coendean 
Spinelle.  They  frequently  occur  in  octahedra,  laterally  elon- 
gated, with  wedge  shaped  summits.  I  found,  also,  at  Chelmsford, 
nearly  all  the  minerak  which  occur  in  Bolton.  Black  spinelle 
frequently  occurs,  as  at  Boxboro'  and  Bolton,  associated  with 
chondrodite,  of  an  orange  yellow  or  deep  blood  red  color.  I 
have  a  fine  specimen  of  asparagus  stone,  which  I  found  at 
Bolton,  two  inches  long  and  one  fourth  of  an  inch  in  diameter. 
It  is  a  six  sided  prism,  and  of  a  beautiful  bluish  green  color,  with 
very  brilliant  sides.  Its  gangue  is  calc  spar,  associated  with  sea* 
polite  and  sphene  in  large  crystals.' 

Limestone  in   Smithjield,  R.  L 

There  are  two  principal  beds  of  this  rock,  a  little  more  than  a 
mile  apart ;  the  most  easterly  one,  half  a  mile  from  Blackstone 
river,  being  called  the  Dexter  rock,  and  the  other,  the  Harris  rock. 
I  have  examined  only  the  latter ;  and  this  occurs  in  that  variety  of 
hornblende  slate,  which  the  Werenians  call  greenstone  slate,  and 
transition  or  primitive  greenstone.  The  slaty  structure  of  a  part 
of  the  rock  is  quite  obvious,  though  to  a  cursory  observer,  most 
of  the  mass  resembles  very  much  secondary  greenstone.  I  am 
satisfied  that  the  Dexter  rock  occurs  in  the  same  slate,  which  in 
fact,  appears  to  be  the  talco-chloritic  slate  of  that  region,   passing 
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into  horableDde  slate.  Though  the  parallel  division,  of  the  horn- 
blende slate  be  evident,  yet  the  limestone  is  destitute  of  stratifica- 
tion ;  forming  an  irregular  mass,  penetrated  by  projections  from 
the  slate.  It  b  white  and  distinctly,  though  not  very  coarsely 
granular  and  crystallbe.  Some  of  it  b  dolomite.  (Nos.  498  to 
500.)  It  may  be,  and  has  been  wrought  as  marble  ;  though  it  is 
difficult  to  obtain  large  Uocks  without  fissures.  Sometimes  it  is 
clouded.  (No.  497.) 

The  imbedded  minerals  in  this  limestone  are,  with  few  excep- 
tions, very  dififerentfirom  those  just  described  in  the  limestone  beds 
in  gneiss  in  Massachusetts.  In  the  Smithfield  rock,  talc  is  one  of 
the  most  abundant  of  the  minerals,  and  it  is  often  of  a  rich  silvery 
white  color,  associated  with  laige  prisms  of  rhomb  and  calcareous 
spar.  Some  of  the  nacrite  found  at  the  Dexter  rock  is  beautiful. 
Nephrite  exists  here,  also,  in  veins  and  nodules  :  also  limpid  quartz 
in  crystals,  calcareous  and  brown  spar,  tremolite  and  asbsetus. 

If,  as  seems  to  me  extremely  probable,  the  hornblende  rock  in 
which  this  limestone  occurs,  has  been  subjected  to  the  action  of 
powerful  heat,  we  have  a  cause  for  the  want  of  stratification  in  the 
latter.  And  the  occurrence  of  immense  quantities  of  sienitic 
granite  in  the  vicinity,  shows  us  whence  the  heat  might  have  been 
derived. 

Limestone  of  Stoneham  and  Newbury. 

In  both  these  places  the  limestone  is  in  irregular  unstratified  mas- 
ses in  sienite,  except  that  the  most  northerly  bed  in  Newbury  is  in 
greenstone.  For  the  most  part,  the  limestone  is  either  finely 
granular,  or  compact,  and  white.  That  at  Stoneham  is  trans- 
lucent on  the  edges ;  (No.  496.)  and  were  it  not  for  the  numerous 
teams  and  cracks  in  it,  would  prove  a  very  fine  article  for  statuary 
and  other  ornamental  purposes.  Two  or  three  quarries  have  been 
opened  at  each  of  these  localities,  only  a  few  rods  apart ;  but 
they  are  now  abandoned.  At  Newbury,  the  great  amount  of  for- 
eign minerals  present  renders  the  limestone  of  little  value,  even 
for  the  production  of  quicklime. 

Among  these  minerals  precious  and  common  serpentine  predom- 
inate :  and  these  being  disseminated  in  the  granular  limestone, 
Ibrm  the  ophicalce  grenue  of  Brongniart,*  which  he  mentions  as 
oocuring  at  Newbury .f  Specimens  of  Uiis  variety  may  be  seen 
among  those  that  are  polished  in  the  collection ;  (Nos.  896  to 
899,)  although  the  geological  position  of  this  rock,  if  I  have  not 
mistaken  it,  is  not  above  oiganio  relics  (ipizotytu)  as  that  author 
supposes  it  commonly  is. 

«  Classification  des  Roches,  p.  96. 
t  Tableau  des  Terrains.  &c.  p.  325. 
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Another  beaatilul  mineral,  often  running  in  veins  through  the 
i^hicalce  grenucj  or  theserpentbe,  varying  in  width  from  a  mere 
line  to  half  an  inch}  is  green  amianthus.  When  a  specimen  is 
newly  fractured,  this  mineral  presents  a  peculiarly  rich  appearance. 
Its  color  is  grass  green  and  yellowish  green.  (No.  872.)  Com- 
mon asbetus  occurs  in  the  same  situation. 

Fibrous  limestone,  or  satin  spar,  occurs  in  the  same  connection. 
The  fibres  are  sometimes  four  or  five  inches  long,  though  the  veins 
of  this  mineral  are  quite  thin. 

Tremolite  in  radiated  masses  is  not  uncommon  in  this  limestone. 
Epidote  also  occurs  here  in  crystab  ;  and  white  and  gray  varieties 
of  compact  feldspar.  Associated  with  the  tremolite  and  epidote, 
IS  found  massive  garnet. 

The  limestone  at  Stoneham,  is  not  so  much  mixed  with  other 
minerals  as  at  Newbury.  It  occasionally,  however,  contains  ne- 
phrite. This  mineral  melts  with  great  facility  before  the  oxy-hy- 
drogen  blowpipe,  and  without  difficulty  before  the  common  blow-^ 
pipe,  into  a  yellowbh  slag  or  scoria.  Another  grayish  green  min- 
eral occurs  in  nodules  in  the  limestone,  and  might  easily  be  mista- 
ken for  the  siliceous  infusible  mineral  that  has  been  described  by 
many  writers  under  the  name  of  homstone.  But  it  melts  with 
ebullition,  not  only  before  the  compound,  but  also  the  common 
blowpipe,  into  a  shining  black  enamel.  (No.  507.)  It  is  probably 
the  allocbroite,  mentioned  by  Prof.  Webster  in  the  Boston  Journal 
of  Philosophy,  as  occurring  at  Stoneham. 

I  am  not  aware  that  limestone  has  been  found  in  other  parts  of 
the  world,  entirely  embraced  in  sienite;  which  is  the  case  at 
Stoneham  and  Newbury,  unless  I  am  mistaken.  At  the  time  I 
examined  these  localities,  I  was  not  aware  of  the  importance  of 
this  fact,  and  might  have  been  deceived.  But  I  saw  no  rock  in 
the  vicinity  of  the  quarries,  except  sienile :  although,  as  I  shall  have 
occasion  hereafter  to  observe,  sometimes  the  sienite  north  of  Bos- 
ton possesses  a  limited  slaty  structure,  forming  a  kind  of  horn- 
blende slate,  or  greenstone  slate :  the  unmelted  remnants,  perhaps, 
of  the  rocks  out  of  which  the  sienite  was  formed.  That  this  rock 
had  an  igneous  origin,  seems  to  be  at  this  day  the  opin- 
ion of  geologists.  And  admitting  this,  it  is  easy  to  see  why  the 
beds  of  limestone,  that  have  been  described  above,  are  destitute 
of  stratification. 

Origin  of  Limestone. 

Crystalized  carbonate  of  lime,  as  we  are  taught  by  chemistry, 
may  be  produced  either  by  precipitation  from  aqueous  solution,  or 
by  the  melting  of  uncrystalized  masses  of  this  substance  under 
strong  pressure :  and  probably  in  both  these  ways  are  we  to  account 
for  the  existence  of  primary  limestone.     Where  this  rock  is  in 
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regular  strata,  and  do  unstratified  rocks  exist  in  the  vicinity,  it  is 
reasonable  to  refer  its  origin  to  aqueous  solution  and  crystallization. 
But  where  there  is  evidence  of  the  agency  of  heat,  long  contin* 
ued,  in  the  irregular  position  and  unstratified  structure  of  the  lime- 
stone, and  the  juxtaposition  of  granite,  trap,  &c. ;  it  is  not  im- 
probable that  limestones  deposited  from  water  or  animab,  such  as 
chalk,  marl,  compact  limestone,  and  coral  ree6,  may  have  been 
melted  and  subsequently  crystalised. 

Thus  far  most  geologists  agree.  But  another  point  divides 
them ;  viz.  whether  all  limestones  have  originated  in  organized 
substances?  Dr.  Macculloch*  leans  to  the  affirmative:  but 
another  able  geologist,  Mr.  Lyell,f  defends  the  negative.  Mr. 
Lyell,  however,  does  not  object  to  the  idea  that  ^  every  particle 
of  lime  that  now  enters  into  the  crust  of  the  globe,  may  possibly 
in  its  turn  have  been  subservient  to  the  purposes  of  life  by  enter- 
ing into  the  composition  of  organized  bodies  ; '  but  to  the  opinion 
that  <  lime  may  be  an  animal  product  combined  by  the  powers  of 
vitality  from  some  simple  elements.'  Dr.  MaccuUoch  thinks  hb 
views  of  the  subject  rendered  probable,  by  the  great  increase  of 
calcareous  strata,  the  higher  we  rise  in  the  series  of  formations, 
and  by  the  great  extent  of  existing  coral  reefs.  But  Mr.  Lyeli 
says  that  in  ponds  or  lakes,  which  are  not  fed  by  springs  contain- 
ing carbonate  of  lime  in  solution,  there  will  be  no  accumulation  of 
shells  producing  tufa  and  shell  marl :  one  race  of  animals  furnish- 
ing by  their  decomposition  only  calcareous  matter  enough  to  sup- 
ply the  next  generation ;  and  hence  he  infers  that  the  animals  do 
not  secrete  lime.  And  he  explains  the  greater  quantity  of  calca- 
reous matter  in  the  newer  strata,  by  the  constant  transfer  of  this 
matter  from  the  inferior  to  the  superior  rocks  by  internal  heat  and 
springs. 

But  however,  this  point  may  be  decided,  it  is  certainly  an  inter- 
esting thought  that  all  existing  limestone  may  have  once  formed  a 
part  of  organized  beings.  That  much  of  it  in  the  secondary  rocks 
did  enter  into  the  composition  of  animals,  is  obvious  from  the  im- 
mense quantity  of  their  remains  now  found  in  such  rocks.  But 
why  are  the  primary  rocks  destitute  of  them  ?  Dr.  MaccuHoch 
says  that  he  has  found  organic  remains  in  one  instance,  <  in  a  calca- 
reous quartz  rock  situated  beneath  gneiss.'  But  he  has  also  shown 
conclusively  that  limestones  full  of  organic  remains,  when  in  con- 
tact with  trap,  are  converted  into  highly  crystalline  masses,  and 
the  organic  remains  entirely  obliterated  for  a  certain  distance  from 
the  trap.  Such  a  change  he  supposes  may  have  been  undergone 
by  all  the  primary  limestones. 


♦  System  of  Geology,  Vol.  I.  p.  220. 

r  Principles  of  Geology,  Vol.  H.  p.  298.    London,  1832. 


Digitized  by  VjOOQ IC 


Scapolite  Rock.  315 

It  is  well  known  that  calcareous  soils  are  of  all  others  most  fer- 
tile. Now  if  it  be  true  that  the  quantity  of  limestone  on  the 
globe  is  increasing^  it  will  follow  that  there  is  a  progressive  increase 
of  fertility.  Such  a  view  would  certainly  accord  with  our  ideas 
of  divine  beneficence :  but  we  should  not  forget  the  danger  of 
hasty  inferences  on  such  subjects. 

8.    SCAPOLITE  ROCK. 

Associated  with  the  limestone  and  mica  slate  of  Berkshire 
county,  which  extend  into  Canaan^  Ct.,  extensive  beds  or  strata 
occur,  composed  essentially  of  what  I  suppose  to  be  compact  scap- 
olite. I  have  traced  these  strata  in  the  town  of  Canaan,  from 
six  to  eight  miles  in  length,  and  in  some  places  from  100  to  150 
rods  in  breadth.  And  I  have  no  reason  to  doubt  but  they  extend 
much  farther  in  length ;  probably  into  Massachusetts  on  the  north  ; 
and  I  cannot  judge  how  far  south.  No  one,  it  seems  to  me,  could 
regard  masses  of  such  extent  and  regularly  stratified,  only  as  a 
simple  mineral.  And  if  I  am  not  mistaken  as  to  its  nature,  there 
can  be  no  doubt  it  is  a  new  rock  ;  since  in  other  quarters  of  the 
globe,  scapolite  is  rare  even  as  a  mineral.  I  thought  at  first  that 
It  might  be  a  compact  variety  of  white  augite ;  since  this  mineral 
does  occur  in  connection  with  the  same  limestone.  But  the  rock 
fuses  with  intemuscence  and  without  difficulty  into  a  white  enamel : 
whereas  I  could  not  melt  the  augite  from  the  same  locality.  The 
following  are  all  the  varieties  of  this  rock  which  have  yet  fallen 
under  my  notice. 

1.  Masses  exhibiting  Aggregations  of  imperfect  Prisms  of 
Scapolite;  too  imperfect,  however,  to  determine  their  form, 
though  the  foliated  structure  is  quite  obvious.  This  rock  is  liable 
to  partial  decomposition  at  its  surface.  I  have  found  it  only  in 
bowlders.  (No.  540.) 

2.  Compact  gray  Scapolite^  exhibiting  a  splintery  fracture. 
This  is  the  most  common  variety.  It  is  very  perfectly  stratified 
in  most  instances,  the  strata  varying  in  width  from  half  an  inch  to 
a  foot  or  more.  Generally  the  surface  is  partially  decomposed  to 
the  depth  of  more  than  half  an  inch,  resembling  some  varieties  of 
amygdaloid,  or  variolite.  On  account  of  the  evenness  of  its  strat- 
ification, it  forms  an  excellent  building  stone,  and  is  employed  for 
this  purpose  by  the  inhabitants  of  Canaan.  Not  uofrequently 
these  strata  are  divided  by  seams  crossing  the  regular  planes  of 
stratification  nearly  at  right  angles.  (No.  541.) 

3.  A  mixture  of  Scapolite  and  Dolomite.  The  proportion  of 
the  two  minerals  is  various.  The  limestone  is  most  liable  to  de- 
composition and  leaves  the  scapolite  in  irregular  masses ;  giving  to 
the  rock  a  most  forbidding  aspect.  (No.  542.) 
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4.  Compact  Scapolite,  QnartZj  and  Miea.  (No.  543.)  This 
appears  to  be  mica  slate  or  quartz  rock  containing  a  small  propor- 
tion of  scapolite. 

5.  Granular  Quartz  and  Scapolite ;  containing  also  tremolite 
and  augite.  (No.  544.)     This  variety  is  scarcely  worth  noticing. 

The  strata  of  scapolite  rock  in  Canaan  run  in  a  direction  not 
far  from  noithwest  and  southeast,  and  dip  to  the  northeast  at 
an  angle  generally  as  great  as  45^  The  principal  part  of  the  rock 
seems  to  lie  between  the  dolomitic  limestone  beneath,  and  the  mica 
slate  above,  which  forms  lofty  ridges  of  mountains  in  Canaan.  I 
saw  none  of  the  scapolite  rock  in  place,  however,  more  than  200 
feet  above  the  limestone,  though  bowlders  of  it  are  frequently  met 
with  on  the  mountain  east  of  South  Canaan  meeting  house  to  its 
summit,  on  the  road  to  Norfolk.  I  did  not  see  the  actual  junc- 
tion of  the  mica  slate  and  scapolite  rock,  but  the  dip  and  situation 
of  the  two  rocks  renders  it  almost  certain  that  the  latter  does  pass 
under  the  former.  On  the  lower  side,  the  scapolite  rock  passes 
by  a  gradual  mixture  into  the  limestone :  as  the  specimens  will 
show.  Upon  the  whole,  the  age  of  this  rock  is  the  same  as  that 
of  the  Berkshire  limestone,  which  alternates  with  mica  slate ; 
and  which  probably  is  not  as  old  as  that  which  alternates  with 
gneiss. 

It  will  be  seen  that  the  preceding  description  of  this  rock  does 
not  differ — except  in  being  more  extended — from  that  which  I 
gave  in  1828,  in  the  14th  Vol.  of  the  American  Journal  of  Sci- 
ence. If  I  could  have  referred  it  to  any  known  group  of  rocks, 
I  should  not  have  described  it  as  new.     But  this  was  impossible. 

9.    QUARTZ  ROCK. 

Among  the  older  rocks  geologists  have  not  been  able  to  discov- 
er any  determinate  order  of  superposition  ;  although  each  one  off 
them  is  most  likely  to  be  found  in  in  a  particular  connection.  But 
the  same  rocks  are  also  found  in  several  other  connections,  so  as  to 
render  all  attempts  to  fix  their  exact  place  in  the  scale  unsatisfac- 
tory. Our  rocks  are  as  unmanageable  in  this  respect  as  those  in 
Europe,  but  no  more  so  ;  showing  that  the  same  general  causes 
have  produced  then  on  both  continents.  I  have  already  shown 
that  our  limestones  are  of  various  ages,  and  the  same  is  true  of 
quartz  rock,  hornblende  slate,  and  some  others.  Amid  this  great 
uncertainty,  as  to  the  place  in  the  series  which  the  older  rocks 
ought  to  occupy,  it  is  not  easy  to  decide  what  is  the  best  order  of 
describing  them.  It  will  be  observed  that  I  do  not  follow  exactly 
the  same  order  in  the  account  of  the  rocks  which  I  am  now  giving 
as  is  followed  in  the  tablets  attached  to  the  Map.     The  order 
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order  which  I  now  follow,  and  which  agrees  with  that  given  on  the 
Tabular  View  of  the  Rocks  in  the  Atlas,  accords,  as  nearly  as  I  can 
determine  it,  with  the  order  of  nature  :  whereas  on  the  Map,  I 
was  obliged  to  have  some  reference  to  convenience  of  exhibition ; 
one  of  the  groups  being  miscellaneous. 

Mineralogical  Characters. 

Quartz  rock  was  first  described  by  Dr.  Macculloch  ;  and  its  chief 
ingredient,  as  its  name  implies,  is  quartz.  But  it  takes  into  its 
composition,  mica,  feldspar,  and  sometimes  blue  schistose  clay. 
The  following  varieties  are  found  in  Massachusetts. 

1.  Pure  Qvartz.  This  exists  in  several  states.  First,  hyaline, 
white :  generally  in  beds  in  mica  slate.  Secondly,  compact,  white, 
or  reddish,  or  dark  blue  ;  in  beds  in  argillaceous  slate.  It  is  quite 
obvious  that  this  blue  variety  has,  in  some  way  or  other,  been  col- 
oured by  the  slate  ;  either  when  first  deposited  from  aqueous  so- 
lution, or  when  subsequently  melted,  if  it  ever  has  been,  by  heat. 
Thirdly,  coarse,  granular,  color  gray,  or  reddish.  These  are  the 
most  common  varieties.  Fourthly,  fine,  granular,  or  arenaceous ; 
sometimes  disintegrated  so  as  to  form  a  beautiful  white  sand.  (Nos. 
545  to  565.) 

2.  Granular  Porous  Quartz^  with  occasional  fragments  of  foliat- 
ed feldspar  and  black  hornblende.  This  is  the  rock  described  in 
the  first  part  of  my  Report,  under  the  name  of  buhrstone ;  for 
which  it  is  used.  It  is  certainly  ^  remarkable  rock.  Without 
close  inspection  it  would  not  be  distinguished  from  the  Paris  buhr- 
stone. But  it  is  in  fact  finely  granular ;  and  what  is  most  remark- 
able, is  the  occurrence  in  it  of  occasional  fragments  of  foliated 
feldspar  and  hornblende,  rarely  larger  than  a  pea,  and  often  not 
larger  than  the  head  of  a  pin.  These  have  evidently  been  subject- 
ed to  attrition ;  and  they  give  to  the  rock  somewhat  of  a  mechan- 
ical texture.  I  have  observed  also  in  this  rock,  traces  of  mica 
slate  ;  and  the  longest  direction  of  the  pores  corresponds  with  that 
of  the  strata  seams,  and  gives  the  rock  a  slight  claim  to  a  slaty 
structure.  The  pores  or  cavities  are  rarely  large,  but  they  are 
disseminated  through  the  whole  rock ;  and  are  most  frequently 
coated  with  a  yellowbh  substance,  which  may  be  hydrate  of  iron. 
The  quartz  in  these  cavities  is  slightly  mamillary,  sometimes  show- 
ing a  tendency  to  crystallization.  (No.  567.) 

3.  Quartz  and  Feldspar ;  the  former  in  much  the  largest 
quantity.  This  variety  usually  occurs  in  connection  with  gneiss, 
and  not  in  large  quantity.  (Nos.  571,  593,  600.) 

4.  Quartz  and  Mica.  This  difiTers  from  mica  slate,  only  in 
the  predominance  of  the  quartz.  Usually  this  mineral  is  greatly 
in  excess :  but  occasionally  the  quantity  of  mica  increases  so  much, 
that  it  is  impossible  to  say  of  particular  specimens  to  which  rock 

39 
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they  ought  to  be  referred.  In  such  cases  I  have  taken  into  ooo- 
sideration  the  character  of  the  surrounding  region.  If  mica  slate 
predominates,  and  there  be  not  an  actual  passage  into  decided 
quartz  rock,  I  have  thought  it  useless  to  describe  the  rock  as 
quartz  rock,  even  if  for  a  considerable  extent  the  quartz  predois- 
inates.  Such  cases  as  this  are  common  in  the  mica  slate  raoge 
extending  from  the  mouth  of  the  Merrimack  to  Connecticut. 
And  on  the  other  hand,  if  quartz  rock  predominates,  an  occasional 
excess  of  mica  in  some  of  its  strata  has  not  prevented  me  from 
considering  the  whole  as  quartz  rock. 

The  mica  in  this  variety  is  arranged  in  a  parallel  position,  and 
it  produces  a  schistose  structure ;  though  sometimes  the  lamins 
are  so  thick  that  they  ought  rather  to  be  regarded  as  strata.  In 
other  instances,  the  schistose  layers  are  extremely  tortuous  and 
very  distinct  from  the  stratification.  I  have  observed  this  circum- 
stance only  in  Berkshire  county,  as  in  Lee.  (Nos.  572  to  580j 
and  587  to  592.) 

5.  Quartz  and  Talc.  Some  of  the  talcose  slate  in  Hawley, 
Plainfield,  &c.,  occasionally  becomes  a  slaty  arenaceous  quartz, 
with  seams  of  greenish  talc.  (Nos.  581  to  583.)  Its  color  is 
white,  and  this  rock,  in  Hawley  and  Rowe,  seen  at  a  distance, 
resembles  gneiss.  It  is  obviously  a  member  of  the  talcose  slate 
formation ;  and  it  may  be  questionable  whether  it  ought  not  rather 
to  be  described  in  connection  with  that  formation. 

6.  Quartz  and  Hornblende.  Instead  of  talc,  the  white  arena- 
ceous quartz  described  under  the  last  variety,  sometimes  contains 
numerous  distinct  crystals  of  black  hornblende.  (Nos.  584,  585.) 
It  forms  a  beautiful  rock,  and  if  it  would  admit  of  a  polish,  might 
be  employed  for  ornamental  purposes.  It  is  less  abundant  than 
the  preceding  variety.  In  the  gneiss  formation,  there  is  a  variety 
in  which  greenish  hyaline  quartz  contains  flattened  imperfect  crys- 
tals of  actynolite.  (No.  584.) 

7.  Quartz  and  Argillaceous  Slate.  1  have  observed  this  only 
in  Bemardston,  in  connection  with  the  encrinal  limestone.  (No. 
601.)  The  quartz  is  white  and  blue,  and  exhibits  a  brecciated 
structure.  It  was  probably  colored  by  the  slate ;  but  very  few 
fragments  or  layers  of  slate  are  now  visible. 

8*  Quartzose  Breccia.  This  consists  of  angular  fragments  of 
granular  quartz,  connected  by  oxide  of  iron  ;  or  of  fragments  of 
mica  slate,  surrounded  by  radiated  quartz.  The  variety  found  in 
bowlders  in  Licverett  and  Amherst,  (I  have  no  dotibt  that  the  bed 
from  which  they  were  derived  is  in  Leverett,)  contains  but  very 
little  iron,  scarcely  more  than  enough  to  give  a  part  of  the  frag- 
ments a  reddish  hue.  (Nos.  602,  to  608.)  Another  variety  I 
have  found  in  Amherst,  in  connection  with  the  gneiss  formation, 
in  which  the  cement  is  magnetic  oxide  of  iron.     But  the  most 
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iaterestiog  variety  exists  io  numerous  bowlders  along  the  western 
slope  and  base  of  Hoosic  mountain.  It  consists  of  angular  frag- 
ments of  white  and  reddish  granular  quartz  cemented  by  brown 
hematite.  (Nos.  604  to  606.)  In  the  cavities  the  hematite  is 
often  iridescent  and  mamillary ;  and  the  coat  investing  the  frag- 
DientS;  fibrous.  The  largest  bowlden  of  this  rock  that  I  have 
seen,  (six  to  eight  feet  in  diameter,)  occur  on  the  Pontoosic  turn- 
pike from  Pittsfield  to  Springfield,  in  the  south  part  of  Dalton,  at 
the  foot  of  the  Hoosic  range.  But  I  have  never  found  this  rock  in 
place.  It  may  be  that  the  loose  fragments  have  all  proceeded 
from  a  huge  vein  of  this  breccia.  But  from  their  size  and  abun- 
dance, I  rather  presume  that  this  rock  will  be  found  as  a  bed  in 
the  common  granular  quartz  of  the  vicinity.  I  found  one  bowl- 
der of  this  rock  ten  inches  in  diameter,  in  Southampton ;  only  two 
or  three  miles  from  Connecticut  river;  affording  another  proof  of 
a  northwesterly  diluvial  current  in  former  times. 

Professor  Dewey  remarks,  that  in  Great  Barrington  and  Shef- 
field the  fragments  of  quartz  are  united  by  a  cement  of  quartz. 

The  most  common  gangue  of  the  lead  and  manganese  ores  in 
Hampshire  and  Franklin  counties,  is  quartz.  In  a  majority  of 
cases  it  is  radiated  quartz  investing  nuclei  of  micaceous  slate. 
Thus  is  produced  a  very  curious  kind  of  breccia.  (No.  608.) 
And  since  these  veins  are  sometimes  six  or  eight  feet  thick,  the 
quantity  is  great  enough  to  deserve  a  notice  in  this  connection. 

9.  Quartzose  Conglomerate.  This  consists  of  a  paste  of  quartz 
and  mica,  in  which  are  imbedded  numerous  distinctly  rounded 
pebbles  of  granular  or  hyaline  quartz.  (Nos.  609,  610.)  It  pos- 
sesses as  completely  the  characters  of  a  conglomerate  as  any  of 
the  puddingstones  of  the  secondary  formation.  I  have  never 
found  it, in  place ;  but  cannot  doubt  that  it  is  associated  with  the 
quartz  tek  of  Berkshire  county.  For  its  bowlders  are  not  un* 
cxxnmon  on  the  west  slope  and  the  top  of  Hoosic  mountain,  in 
Windsor  I  found  them  unusually  abundant.  I  have  even  found 
small  bowlders  in  the  Connecticut  valley,  in  Deerfield.  It  ap- 
pears to  be  identical  with  the  Conglomerate  Quartz  Rock  of 
MaccuUoch.*  The  size  of  the  imbedded  pebbles  is  usually  about 
an  inch.  It  greatly  resembles  the  rock  that  constitutes  the  first 
ridge  of  the  mountain  range  on  the  east  side  of  Wyoming  valley, 
ID  Wilksbarre,  Pennsylvania ;  and  which  there  probably  underlies 
tbe  anthracite  coal  formation. 

This  rocl^  being  most  decidedly  mechanical  hn  its  texture,  will 
throw  some  light  on  the  age  of  the  quartz  rock,  and  associated 
limestone  of  Berkshire  valley,  if  it  be  admitted  that  it  forms  a 
part  of  the  series  ;  .of  which  I  think  there  can  be  but  little  doubt. 

•  Geological  Transactions,  Vol.  I.  p.  GO.    Second  series. 


Digitized  by  VjOOQ IC 


320  Scientific  Geology. 

It  will  be  perceived  that  the  varieties,  Nos.  5,  6,  and  8,  above 
described,  are  different  from  any  mentioned  by  Dr.  MaccuUoch, 
and  80  far  as  I  know,  by  any  writer. 

In  order  to  have  a  complete  view  of  quartz  rock,  as  it  exists  in 
Massachusetts,  we  ought  to  recollect  that  two  varieties  ^red  and 
blue,)  have  already  been  described  as  comprehended  in  the  gray- 
wacke  formation. 

Topography  of  Quartz  Rock, 

On  the  Map  I  have  represented  all  the  quartz  nick  in  the  State 
(excepting  that  connected  with  the  graywacke,)  as  associated  with 
mica  slate,  talcose  slate,  or  gneiss.  It  is  also  more,  or  less  con- 
nected with  other  rocks  ;  as  with  limestone  in  Berkshire,  and  with 
argillaceous  slate  in  Bernardston.  But  in  all  other  cases,  except 
in  regard  to  gneiss  and  mica'  slate,  it  ib  little  more  than  a  juxta- 
position of  the  two  rocks;  whereas  the  quartz  rock  alternates 
with,  and  passes  imperceptibly  into,  gneiss  and  mica  slate.  And 
in  fact  it  might  be  regarded  very  properly  as  a  member  of  the 
gneiss  and  mica  slate  formations. 

In  Cumberland,  Rhode  Island,  I  have  marked  a  strip  of  quartz 
rock  as  connected  with  the  peculiar  rock  that  prevails  in  that 
place,  and  which  I  venture  to  denominate  talco-chloritic  slate ; 
although  its  characters  are  very  obscure.  Or  rather  the  quartz 
rock  lies  between  this  slate  and  the  graywacke  on  the  east ;  and 
I  think  also  that  it  alternates  with  the  talco-chloritic  slate.  In 
the  northeast  part  of  the  town,  it  forms  a  hill  of  considerable 
altitude,  of  snowy  whiteness.  More  westerly  its  color  is  gray,  and 
it  is  of  a  coarser  texture. 

I  take  this  opportunity  to  remark,  that  I  do  not  feel  con6dent 
that  even  on  the  third  edition  of  the  geological  Map,  and  after  a 
re-examination  of  that  region,  I  have  correctly  delineated  the 
rocks  of  Cumberland  and  its  vicinity.  Its  geology  is  certainly 
very  intricate,  and  deserves  the  long  and  careful  study  of  some 
one  who  resides  in  the  vicinity  ;  and  then  it  should  be  exhibited 
on  a  map  of  a  larger  scale  than  mine.  Since  it  is  not  in  Massa- 
chusetts, I  did  not  feel  justiBed  in  devoting  so  much  time  as  was 
desirable  to  its  examination. 

The  range  of  mica  slate  extending  from  Webster  to  the  mouth 
of  the  Merimack,  often  passes  into  genuine  quartz  rock,  and  gener- 
ally contains  a  large  proportion  of  quartz.  In  the  south  part  of 
this  range,  in  Webster  especially,  I  noticed  so  much  quartz  rock 
that  I  have  represented  a  patch  of  it  on  the  Map. 

The  gneiss  formation  on  the  east  of  this  mica  slate,  especially 
near  the  south  part  of  Worcester  county,  is  associated  with  exten- 
sive strata  of  quartz  rock.  In  Sutton,  and  the  vicinity,  the  latter 
occupies  a  considerable  part  of  the  surface ;  and  there  I  have  de- 
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lineated  this  rock  on  the  Map.  I  have  noticed  it  in  several  of  the 
towns  northeast  from  Sutton,  interstratified  with  gneiss  and  born- 
blende  slate.  In  the  eastern  part  of  Franklin  county,  in  New  Sa- 
lem and  Warwick,  I  have  met  with  it  in  strata  of  a  few  feet  wide 
interstratified  with  gneiss. 

Along  the  western  bor^  of  the  great  gneiss  range  of  Worces- 
ter county,  is  another  nfnrow  stratum  of  quartz  rock,  in  some 
places  associated  with  the  gneiss,  sometimes  with  hornblende 
slate,  and  sometimes  with  mica  slate.  I  have  represented  it  on 
the  Map,  as  extending  only  from  Leverett  to  the  north  line  of  the 
State,  because  south  of  this  place  it  is  very  narrow  and  frequently 
interrupted.  Mica  slate  is  commonly  associated  with  this  rock 
north  of  Lieverett.  On  the  opposite  side  of  Connecticut  river,  in 
Northfield,  Mass.  and  Vernon,  Vt.  quartz  rock  forms  one  of  the 
members  of  a  series  of  mica  slate  passing  into  gneiss,  hornblende 
slate,  and  argillaceous  slate.  In  Vernon  it  js  liable  to  disintegra- 
tion and  has  been  employed  for  the  manufacture  of  glass.  In 
Bemardston,  where  it  approaches  the  clay  slate,  as  already  re- 
marked, it  occasionally  takes  portions  of  that  rock  into  its  compo- 
sition. But  generally  in  Leverett  and  Northfield,  it  is  that  variety 
which  contains  mica. 

Berkshire  county,  however,  contains  the  principal  repository  of 
quartz  rock.  Here  it  is  usually  associated  with  mica  slate ;  and 
although  it  is  represented  as  lying  contiguous  to  gneiss,  yet  I  have 
given  my  reasons  elsewhere  for  the  opinion  that  its  position  is  un- 
conformable to  that  of  the  gneiss.  It  sometimes  forms  hills  of 
considerable  elevation  :  as  Monument  mountain,  in  Stockbridge, 
which  is  more  than  a  thousand  feet  high.  Compared  with  the 
mica  slate  and  gneiss,  however,  this  rock  lies  generally  at  a  low 
level;  corresponding  in  this  respect  with  the  limestone.  The 
largest  proportion  of  this  rock  is  gray  or  reddish  granular  quartz. 
In  Cheshire,  it  is  extensively  disintegrated,  so  as  to  form  a  good 
sand  for  the  preparation  of  glass.  For  the  cause  of  this 
disintegration  I  have  sought  in  vain.  The  buhrstone  in  Wash- 
ington, near  Pittsfield,  is  another  interesting  variety  ;  and  in  the 
same  hill,  the  granular  quartz  is  quarried  extensively  for  architectu- 
ral purposes,  on  account  of  the  great  regularity  of  its  stratification. 
I  observed  the  variety  containing  mica,  in  Lee,  Washington,  Ca- 
naan, Ct.,  &c.  ;  though  this  is  not  the  most  common  variety.  The 
situation  of  the  breccias  and  conglomerates  has  been  already 
pointed  out.  i 

It  is  also  unnecessary  to  say  anything  farther  in  relation  to  the 
quartz  rock  containing  talc  and  hornblende. 

In  connection  with  the  gneiss  in  the  southeastern  part  of  the 
State,  it  may  be  remarked,  that  quartz  rock  occurs  in  considerable 
quantity,  as  I  have  noticed  in  several  places,  having  an  agatized 
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structure.  That  which  I  found  in  Rochester,  is  quite  beautiful* 
(a  polished  specimen  of  which  may  be  seen  in  the  collection.) 
Some  examination  since  the  publication  of  the  first  edition  of  the 
first  part  of  my  Report,  has  led  uie  to  suspect  that  this  quartzose 
aggregate  is  more  abundant  and  extensive  than  I  had  supposed  ; 
perhaps  extensive  enough  to  deserve  a  place  on  the  Map. 

Dipy  Direction,  and  Character  of  the  Strata. 

It  requires  in  many  cases  careful  attention  to  discern  seams  of 
stratification  in  the  purely  granular  quartz  of  Berkshire  county. 
They  are  never,  however,  wanting  for  any  considerable  extent. 
And  very  frequently  there  exists  a  set  of  cross  fissures,  nearly  at 
right  angles  to  the  planes  of  stratification.  The  same  thing  is  true 
of  the  quartz  rock  of  Leverett  and  Northfield,  in  which  mica  b 
sparingly  interlaoiinated.  (No.  577.) 

In  general,  however,  quartz  rock  exhibits  great  distinctness  and 
regularity  of  stratification,  particularly  the  variety  last  mentioned. 
Where  the  mica  is  in  small  quantity,  the  thickness  of  the  strata  is 
considerable ;  but  as  the  mica  increases,  the  layers  are  thinner,  until 
at  length  the  rock  becomes  schistose.  At  the  quarry  in  Washing- 
ton, near  the  buhrstone  locality,  the  stratified  structure  is  beauti- 
fully exhibited  ;  and  it  results  from  a  minute  quantity  of  mica,  in 
scales  scarcely  visible  to  the  naked  eye;  The  stratification  of  the 
buhrstone,  which  lies  at  the  northern  extremity  of  the  same  ele- 
vation, is  much  less  distinct.  But  immediately  beneath  this  irari- 
ety,  the  rock  takes  so  much  mica  into  its  composition  as  to  become 
slaty, — aim  jst  mica  slate  even.  (No.  591.) 

In  generil  the  dip  and  direction  of  the  strata  of  this  rock  cor- 
respond to  those  of  the  gneiss  and  mica  slate  with  which  it  is  con- 
nected. In  Berkshire  I  have  already  remarked  that  the  direction 
is  usually  north  and  south,  and  the  dip  east,  at  rather  a  small 
angle.  At  the  quarry  just  mentioned,  however,  the  dip  is  form  10 
to  15<^  westerly  ;  but  the  buhrstone  dips  about  as  much  in  the  op- 
posite direction.  And  in  the  quarry  we  find  veins  of  granite, 
indicating  the  proximity  of  a  larger  mass  of  that  rock  ;  though  I 
did  not  explore  the  surrounding  region  for  it :  but  I  think  this 
fiict  will  afford  a  probable  explanation  of  this  anomaly  in  the  dip 
of  the  strata.  In  the  northeast  part  of  Windsor,  high  up  the  Hoo- 
sic  range  of  mountains,  this  rock  dips  north  about  35*. 

The  quartz  rock  in  Northfield  and  Bemardston,  west  of  Con- 
necticut river,  dips  from  20  to  60^  east,  and  runs  north  and  south. 
East  of  the  river,  its  dip  approaches  90^  east.  In  Southborough 
its  direction  its  nearly  east  and  west,  and  its  dip  northerly  and 
large.  In  Oxford  and  Webster,  its  direction  is  nearly  north  and 
south,  and  its  dip  from  20  to  45°  west ;  though  in  the  west 
part  of  Oxford  I  noticed  a  dip  of  10>  easterly,  the  rock  being  in- 
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terstratified  with  gneiss.     In  Sutton  the  dip  is  from  30  to  35<»  north, 
corresponding  to  that  of  the  gneiss  in  the  vicinity. 

Mineral  Contents. 

Scarcely  any  rock  in  Massachusetts,  is  so  destitute  of  simple 
minerals  as  this :  unless  we  include  in  it  those  metallic  veins  of 
which  quartz  is  the  gangue.  But  these  may  more  appropriately 
be  described  under  granite ;  in  which  rock  these  veins  for  the 
most  part  occur.  Hematite  iron  ore,  forming  the  cement  of  the 
quartzose  breccia  in  Dalton,  is  the  most  interesting  mineral  in  the 
quartz  rock.  Sulphuret  of  iron,  also,  has  been  observed  in  small 
quantities  in  that  quartz  rock  which  is  associated  with  talcose  slate 
in  Hawley,  &c.  In  Pilts6eld,Worthington,&c.,  masses  of  quartz 
are  found  of  a  yellowish  color,  and  appear  to  be  genuine  ferrugin- 
ous quartz.  Sometimes  this  quartz  passes  into  yellow  jasper,  and 
also  into  chalcedony  and  hornstone  as  at  Dalton. 

Veins  in  Quartz  Rock. 

In  a  few  instances,  as  at  the  quarry  of  quartz  rock  in  Washing- 
ton, several  times  spoken  of,  veins  of  granite  may  be  seen.  But 
generally  the  veins  in  quartz  rock  are  quartz ;  the  vein  being  usu- 
ally white  and  opaque,  and  the  rock  a  mixture  of  gray  quartz  and 
mica, — the  latter  mineral  existing,  however,  in  very  small  propor- 
tion. In  some  instances  the  rock  appears  to  be  what  the  Weneri- 
an  writers  denominated  primitive  siliceous  slat^.  The  following  is 
a  sketch  of  a  bowlder  of  about  eight  inches  diameter,  found  in 
Amherst.  The  principal  part  of  it  is  gray  quartz  traversed  by  nu- 
merous veins  of  white  quartz. 


Ctuartz  Veins  in  Gtuartz  Rock. 

Theoretical  Considerations. 

The  regularity  of  the  stratification  in  quartz  rock,  and  the  fact 
that  silica  is  soluble  in  water,  have  disposed  geologists,  in  all  cases 
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ivbere  it  is  possible,  to  impute  to  this  rock  an  aqueous  origio. 
But  like  all  the  older  rocks  it  appears  subsequently  to  have  been 
subjected  to  beat  of  a  greater  or  less  degree  of  intensity,  whereby 
it  has  been  rendered  compact.  And  no  doubt  in  this  way  some 
siliceous  sandstones  have  been  converted  into  solid  quartz :  as  in 
the  Isle  of  Sky^  in  Scotland,  where  trap  comes  into  contact  with 
the  sandstone. 

A  complete  theory  of  the  formation  of  that  variety  of  brecciated 
quartz,  which  in  Dalton  is  cemented  by  hydrate  of  iron,  it  is  not 
easy  to  form.  The  chief  difficulty  seems  to  be,  to  imagine  bow 
the  quartz  was  broken  into  such  numerous  angular  fragments  :  for 
after  these  fragments  were  piled  together,  it  is  not  difficult  to  con- 
ceive that  the  interstices  might  have  been  6lled  by  the  iron  from 
solution  in  water. 

The  same  difficulty  occurs  in  the  case  of  those  extensive  metal- 
liferous veins  that  have  been  referred  to,  whose  gangue  is  quartz, 
enclosing  masses  of  mica  slate  and  forming  a  kind  of  breccia. 
But  the  whole  subject  of  mineral  veins  has  a  great  deal  of  mystery 
hanging  over  it,  and  is  probably  less  understood  than  any  other  de- 
partment of  geology. 

What  shall  I  say  of  the  origin  of  the  Washington  bubrstone  ? 
We  have  every  reason  to  conclude  that  the  French  bubrstone  was 
deposited  from  water.  And  that  at  Washington  differs  from  it 
chiefly  in  being  more  arenaceous  and  tender.  Probably,  there- 
fore, it  had  a  similar  origin.  But  what  shall  be  said  of  the  occa- 
sional fragments  of  feldspar  and  hornblende  which  it  contains  ? 
Certainly  these  give  it  somewhat  of  a  mechanical  character,  and 
their  production  and  introduction  are  difficult  to  explain.  Can  it 
be,  that  subsequently  to  its  deposition,  it  has  been  subject  to  the 
action  of  a  heat  so  powerful  that  a  partial  fusion  took  place,  and  a 
few  imperfect  crystals  of  feldspar  and  hornblende  were  thus  pro- 
duced ?  The  granite  exists  in  quantity  not  far  from  this  rock,  is 
rendered  probable  by  the  facts  already  mentioned,  viz.  that  veins 
of  it  occur  at  a  quarry  of  quartz  rock  in  the  same  hill,  and  that 
the  strata  at  this  quarry  dip  a  few  degrees  to  the  west,  while  the 
bubrstone  dips  about  as  much  to  the  east.  And  this  granite  might 
have  furnished  the  requisite  heat. 

The  conglomerate  quartz  rock  originated  probably  Tike  other 
conglomerates  ;  that  is,  we  must  first  suppose  an  abrasion  of  exist- 
ing strata,  and  then  a  consolidation  of  the  materials  thus  worn  off, 
either  by  heat  or  simple  dessication.  In  the  present  case,  heat 
was  probably  an  important  agent.  Otherwise  I  know  not  bow  to 
explain  the  marks  of  a  crystalline  structure  which  it  exhibits  ;  as 
much,  indeed,  as  the  oldest  mica  slate.  But  until  this  rock  is 
found  in  place,  it  will  be  useless  to  spend  much  time  upon  its 
theory. 
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The  varieties  of  quartz  rock  associated  with  mica  slate,  talcose 
slate,  and  gneiss,  probably  had  an  origin  similar  to  that  of  these 
several  rocks.  That  they  have  all  been  acted  upon  powerfully 
by  heat,  I  cannot  doubt;  but  not  until  after  their  deposition* 
I  confess  myself  Inclined  to  the  opinion,  that  all  these  strata  origin- 
ally resembled  our  present  secondary  strata ;  and  that  the  agency 
of  the  unstratified  rocks  has  rendered  them  crystalline.  Thus  the 
quartz  rock  that  contains  some  mica,  might  have  been  originally 
a  micaceous  sandstone.  But  more  of  this  hypothesis  as  we  pro- 
ceed. 

It  is  gratifying  to  find  that  the  quartz  rock  of  Massachusetts 
corresponds  so  closely  with  that  of  Europe.  But  we  shall  find 
•  this  to  be  the  case  generally  with  our  primary  rocks;  a  proof  of 
uniformity  in  the  mode  of  their  production. 

10.    MICA  SLATE. 

It  is  usual  to  place  this  rock  next  to  gneiss,  or  as  the  second  in 
respect  to  age  among  the  stratified  rocks.  And  in  Massachusetts 
it  is  not  unfrequently  associated  with  gneiss.  But  it  is  also  asso- 
ciated with  every  other  rock,  as  high  in  the  series  at  least  as  argil- 
laceous slate :  I  mean  in  a  conformable  position.  Hence  I  have 
thought  it  best  to  introduce  it  before  talcose  and  hornblende  slate 
and  serpentine ;  because  these  latter  rocks,  in  the  district  under 
consideration,  are  connected,  scarcely  without  an  exception,  only 
with  gneiss  and  the  oldest  varieties  of  mica  slate. 

Mineralogical  Characters. 

It  is  hardly  necessary  to  remark,  in  respect  to  a  rock  so  com- 
mon and  well  known,  that  its  essential  ingredients  are  quartz  and 
mica :  and  the  anomalies  of  composition  are  fewer  in  this  rock 
than  in  most  others  ;  although  the  varieties  of  aspect  are  numer- 
ous. As  I  understand  the  subject,  however,  it  is  necessary  that 
the  mica  should  be  the  predominant  ingredient,  in  order  to  consti- 
tute a  rock  mica  slate.  But  in  this  case  we  must  look  to  the 
whole  mass  of  the  rock,  rather  than  to  hand  specimens :  for  single 
specimens  may  often  exhibit  the  quartz  in  excess,  and  yet  be  re- 
garded as  mica  slate.  The  following  varieties  of  this  rock  I  have 
found  in  Massachusetts. 

1.  Quartz  and  Mica:  the  former  granular  and  laminar;  the 
latter  in  distinct  scales  and  highly  glistening.  This  variety  is  as- 
sociated with  the  oldest  rocks,  as  granite  and  gneiss ;  and  is  obvi- 
ously more  highly  crystalline  than  the  other  varieties.  The  lon- 
gitudinal arrangement  of  the  mica  gives  this  variety  sometimes  a 
fibrous  appearance.  (Nqs.  614  to  626.) 
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8.  7%e  same,  containing  a  itnall  proportion  of  Feldspar,  and 
thus  passing  iuto  gneiss.  (Nos.  627  to  636.)  It  is  only  when  the 
mica  greatly  predominates  that  this  rock  can  with  any  propriety  be 
denominated  mica  slate. 

3.  Passing  into  Takose  Slate.  In  most  cases  the  mica  slate 
under  this  variety,  takes  into  its  composition  scales  of  greenish 
talc.  But  sometimes,  I  apprehend,  the  mica  becomes  tender,  al- 
most losing  its  elasticity,  and  very  much  resembling  talc,  from  . 
which  it  is  scarcely  posssible  to  distinguish  it.  When  the  talc 
predominates,  especially  to  the  exclusion  of  the  mica,  the  rock 
then  becomes  talcose  slate.  (Nos.  637  to  641.) 

4.  Amphibolic  and  Oarrutiferous  Mica  Slate.  This  variety 
takes  into  its  composition  in  large  proportion,  hornblende  or  gar- 
nets ;  usually  both.  From  the  fact  that  those  minerals  are  com- 
monly found  together,  I  have  made  only  a  single  variety  include 
them  both.  (Nos.  642  to  645.) 

5.  Staurotidiferous  Mica  Slate.  In  this  rock  the  mica  is  in 
very  fine  scales,  and  has  the  general  aspect  of  argillaceous  slate  ; 
except  that  when  the  strata  are  viewed  edgewise,  they  exhibit  a 
striped  appearance,  in  consequence  of  numerous  layers  of  stauro- 
tide,  which  appear  to  be  co-extensive  with  the  layers  of  the  rock. 
I  should  not  have  regarded  this  mineral  as  of  importance  enough 
to  constitute  a  distinct  variety  of  mica  slate,  did  I  not  know  that 
extensive  ledges,  like  the  rock  just  described,  extend  nearly  across 
the  whole  of  Massachusetts,  through  the  towns  of  Norwich,  Ches- 
ter6eld,  Goshen,  Hawley,  and  Heath  ;  and  on  the  east  side  of 
Connecticut  river,  it  has  been  traced,  with  some  interruptions, 
from  near  Long  Island  Sound  to  Franconia,  New  Hampshire,  a 
distance  of  nearly  200  miles.  Where  it  crosses  Massachusetts, 
however,  it  is  but  imperfectly  developed.  (No.  646.) 

I  wish  here  to  remark,  that  when  I  coin  a  new  term  to  prefix  to 
It  variety  of  rock,  it  is  rather  for  the  sake  of  giving  a  laconic  defin- 
ition, than  in  the  wish  or  expectation  that  it  will  become  a  perma- 
nent name  for  the  rock.  Indeed,  mere  varieties  need  no  distinct 
names,  except  when  an  attempt  is  made  to  give  a  logical  account 
of  a  formation. 

6.  Spangled  Mica  Slate.  The  basis  of  this  singular  rock  is  the 
same  as  in  the  last  variety  ;  and  the  two  are  associated  in  Ches- 
terfield, Goshen,  Plainfield,  &c.  Through  this  base  are  dissemin- 
ated numerous  thin  foliated  plates  of  a  deep  brown  color,  resem- 
bling mica  somewhat,  but  almost  entirely  destitute  of  elasticity 
and  brittle.  Their  length,  (rarely  more  than  a  quarter  of  an  inch,) 
is  usually  twice  as  great  as  their  breadth,  and  there  is  a  decided 
polarity  exhibited  in  their  arrangement :  that  is,  their  longer  axes 
idl  lie  in  the  same  direction,  and  the  surfaces  of  the  plates  in  the 
same  or  in  parallel  planes  ;  so  that  light  is  reflected  from  many 
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of  them  at  once  when  the  specimen  is  held  in  a  proper  position, 
and  thus  a  beautifully  spangled  appearance  results.  Not  being 
confident  as  to  the  nature  of  this  mineral,  I  have  given  the  rock  a 
designation  which  indicates  merely  this  obvious  property.  These 
spangles  are  pretty  uniformly  diffused  through  the  mass,  and  their 
surfaces  rarely  coincide  with  the  layers  of  the  slate.  (Nos.  647  to 
660.) 

I  found  this  same  rock  in  rolled  masses  in  Newport,  R.  I.  And 
Col.  Totten  informed  me,  that  it  exists  in  place  on  one  of  the 
islands  in  Narraganset  bay, — Canonicut  Island  I  believe.  At  Plain- 
field  it  is  sometimes  divided  into  rhomboidal  masses  by  oblique 
cross  seams.  (No.  649.) 

7.  ArgiUo-micaceous  Slate.  This  exists  wherever  the  mica  slate 
passes  by  gradation  into  clay  slate :  and  such  places  are  numerous 
IB  Massachusetts.  It  exists  also,  in  connection  with  the  two  last 
varieties,  in  the  range  of  slate  passing  through  Chesterfield,  be. ; 
where  the  strata  are  perpendicular,  and  have  a  broad  range  of  de- 
cided mica  slate  on  the  east,  and  a  similar  extent  of  talcose  slate, 
hornblende  slate,  and  gneiss,  on  the  west ;  which  position  is  strong 
evidence  that  this  rock  must  be  one  of  the  oldest  of  the  primary 
straU.  It  does  not,  however,  in  this  case  actually  pass  into  clay 
slate.  And  I  believe  it  will  always  be  found  to  consist  of  fine 
scales  of  mica,  closely  compacted,  so  as  to  give  it  an  ai^illaceous 
aspect.  This  rock  sometimes  contains  large  beds  of  white  quartz, 
which  is  frequently  fetid.  (Nos.  651  to  667.) 

8.  Arenaceoui  Mka  Slate.  In  this  variety  the  quartz  is  gray, 
in  fine  sandy  grains,  and  difiiised  through  the  whole  mass,  not 
lamellar.  (Nos.  668  to  712.)  The  mica  is  in  fine  disseminated 
scales ;  although  the  plates  are  usually  parallel  to  one  another. 
The  mass  is  usually  imperfectly  schistose,  though  more  regularly 
stratified  than  most  other  varieties ;  and  sometimes  there  exists  a 
double  set  of  strata  seams.  Ordinarily  it  is  not  so  much  con- 
torted in  its  layers  as  the  older  varieties ;  but  an  intermediate  vari- 
ety is  perhaps  of  all  the  mica  slates  most  remarkable  for  irregular- 
ity. The  following  are  sketches  of  the  curvatures,  in  Nos.  688, 
689, and  690,  which  are  from  the  Gorge  or  *  Glen'  in  Leyden. 
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In  Norwich  and  Enfield  this  variety  has  been  extensively  em- 
ployed for  whetstones :  the  former  locality  is  far  the  best,  and  the 
latter  is  now  nearly  or  quite  abandoned. 

In  general  this  variety  occupies  the  highest  place  in  the  mica 
slate  series.  Thus  we  find  it  on  both  sides  of  the  valley  of  the 
Connecticut,  when  first  we  pass  on  either  tide  of  the  river  from 
the  new  red  sandstone ;  and  the  whole  of  the  mica  slate  formation 
in  Worcester  county  is  of  this  description. 

This  variety  is  very  nearly  allied  to  quartz  rock.  Indeed,  in 
respect  to  extensive  tracts,  it  is  often  difficult  to  say  whether  it 
should  be  denominated  quartz  rock  or  mica  slate.  Sometimes  it 
exhibits  a  double  set  of  strata  seams  ;  one  set  being  oblique  to  the 
other.  It  contains  also  not  unfrequently  beds  or  tuberculous  mass- 
es of  white  or  sometimes  blood  red  quartz. 

9.  Anthradtous  Mica  Slate.  This  is  simply  a  very  fine  grained 
mica  slate,  approximating  today  slate,  which  has  been  impreg- 
nated and  rendered  black  and  shining  by  carbon.  I  am  disposed 
to  regard  the  rock  constituting  the  immediate  roof  and  floor  of  the 
anthracite  bed  in  Worcester,  as  belonging  to  this  variety,  although 
I  am  aware  that  it  has  been  generally  regarded  as  argillaceous 
slate.  But  I  think  that  in  all  cases  careful  examination  will  de- 
tect the  mica.  Of  this,  however,  more  in  another  place.  This 
variety  occurs,  also,  in  Ward  and  in  Dudley.  (Nos.  717  to  719.) 

.10.  Plumbaginous  Mica  Slate.  This  rock  differs  from  the 
last  only  in  exhibiting  the  gray  aspect  of  plumbago,  rather  than 
the  dark  color  of  anthracite.  But  probably  in  most  cases  very 
little  plumbago  is  present.  Yet  the  resemblance  is  often  striking. 
This  variety  occurs  frequently  among  the  newer  beds  of  mica 
slate ;  as  for  instance  on  the  east  side  of  Connecticut  river  in 
6outhampton,  Conway,  Shelburne,  &c.  (Nos.  713  to  715  and  718 
and  719.) 

11.  donglomerated  Mica  Slate.  In  Haverhill  and  Amesbury 
I  observed  fragments  of  mica  slate  cemented  by  the  hydrate  of 
iron,  so  as  to  form  a  conglomerate.  (No.  716.)  It  is,  however, 
of  very  limited  extent ;  occupying  only  occasional  fissures  in  the 
rock,  and  is  probably  the  result  of  slow  disintegration,  and  the 
subsequent  infiltration  of  iron  from  the  decomposition  of  pyrites. 

In  the  vicinity  of  the  sienite  in  Whatley,  I  found  a  bowlder  ob- 
viously composed  of  fragments  of  mica  slate,  which  were  once 
partially  fused.  They  are  cemented  together  chiefly  by  feldspar. 
The  numerous  nodules  of  the  mica  slate  imbedded  in  the  sienite 
at  that  place  will  render  this  explanation  rational,  as  I  shall  attempt 
to  show  in  describing  sienite.  (No.  724.) 

12.  Indurated  Mica  Slate.  In  the  same  region  in  Whatley,  I 
found  a  bowlder  between  quartz  and  chert,  of  a  dark  gray  color, 
exhibiting  traces  of  an  original  slaty  structure.  (No.  725.)    As 
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Dr.  Macculloch  says  of  a  similar  variety  found  in  Scotland,  '  it  is 
not  enumerated  with  siliceous  schists,  because  it  has  not  been  the 
practice  so  to  do  ;  but  it  bears  a  strong  analogy  to  the  primary  va- 
rieties of  these.'  * 

13.  Augite  Rock.  It  may  not  be  expected  to  see  this  rock  placed 
in  this  connection  :  since  the  rock  of  this  name  described  by  Dr. 
Macculloch  in  Europe,  is  an  unstratified  overlying  rock,  associated 
with  basalt  and  greenstone.  But  the  one  here  introduced,  is  of 
entirely  a  different  character.  It  is  ordinarily  composed  of  gran- 
ular and  semi-crystalised  augite,  of  a  greenish  or  yellowish  color, 
mixed  with  quartz  in  small  quantity  ;  and  is  interstratified  with 
mica  slate  and  hornblende  slate.  And  since  it  occurs  in  too  small 
a  quantity  to  be  described  as  a  distinct  rock,  I  thought  the  proper 
course  would  be  to  notice  it  in  this  connection.  (Nos.  726,  727.) 
I  have  found  it  only  in  Williamsburgh,  two  miles  west  of  the  meet- 
ing house,  at  the  locality  of  smoky  quartz  and  plumose  mica ; 
where  Tts  characters  correspond  with  those  mentioned  above.  But 
Dr.  Emmons  informs  me  that  it  exists  in  Chester  in  the  situation 
exhibited  below  :  that  is,  there  exists  in  that  town  such  an  alterna- 


tion of  strata.  One  of  the  beds  of  this  rock  is  partly  made  up  of 
<a  variety  of  paratomous  angite-spar^  which  cleaves  into  thin 
plates  and  approaches  nearly  in  some  specimens  to  schiller  spar.' 
'  Yet '  says  Dr.  E.  ^  I  should  not  call  the  stratum  Diallage  Rock.' 
(so  it  had  been  called)  *  The  loose  bowlders  which  I  first  found 
were  aggregates  of  this  variety  of  pyroxene  and  feldspnr.  I  after- 
wards found  that  they  came  from  the  mica  slate  and  did  not  gener- 
ally resemble  granite.'  Concerning  the  scapblite  rock,  placed  by 
Dr.  Emmons  on  the  above  section,  be  has  given  me  no  informa- 
tion. 

Topography  of  Mica  Slate. 

It  will  be  seen  by  the  Map  that  this  rock  occupies  several  large 
tracts  in  the  State.  And  it  exists,  also,  in  smaller  quantities,  asso- 
ciated in  numerous  places  with  gneiss  and  granite,  but  not  shown 
on  the  Map.     Thus  the  region  in  Northampton,  Williamsburgh, 

•  Classification  of  Rocks,  p.  280. 
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Goshen,  &c,  colored  as  granite,  is  in  fact  nearly  half  mica  slate. 
But  it  would  be  impossible  to  represent  the  true  relative  positioD 
of  tlie  two  rocks ;  and,  therefore,  I  have  colored  the  whole  space 
as  composed  of  the  predominant  rock.  And  the  same  remarks 
will  apply  to  almost  every  other  range  of  granite  that  is  represent- 
ed in  the  central  or  western  parts  of  the  State. 

The  mica  slate  of  Berkshire  is  chiefly  of  those  varieties  that  ap« 
proximate  to  argillaceous  and  talcose  slate.  It  there  forms  lofty 
insulated  mountain  peaks,  or  continuous  ranges.  Saddle  mountain, 
nearly  4000  feet  high,  and  the  highest  point  in  the  State,  is  com- 
posed of  this  rock.  And  so  is  the  eastern  part  of  Taconic  range  : 
as  well  as  nearly  all  those  broken  ranges  of  mountains  extending 
from  Lenox  through  Stock  bridge.  Great  Barrington,  and  Sheffield- 
As  a  general  fact,  the  limestone  occupies  the  vallies ;  and  this 
would  be  deemed  conclusive  proof  that  this  rock  was  deposited 
subsequently  to  the  mica  slate,  did  we  not  find  it  sometimes  alter- 
nating with  the  slate.  Shall  we  then  infer,  that  the  limestone  be- 
ing much  more  liable  to  disintegration  than  the  slate,  has  been  de- 
composed and  abraded  so  as  to  bring  it  down  to  much  the  lowest 
level? 

As  we  ascend  Hoosic  mountain,  the  mica  slate  assumes  a  much 
more  crystalline  aspect  and  appears  to  belong  to  the  oldest  varie- 
ties of  this  rock.  It  is  essentially  of  the  same  character  across 
the  whole  mountainous  range  between  the  vallies  of  Berkshire  and 
the  Connecticut :  though  as  we  approach  the  latter  valley,  we  find 
it  sometimes  assuming  an  argillaceous  or  arenaceous  character ; 
and  in  Leyden  it  passes  into  distinct  ai^illaceous  slate. 

It  will  be  seen  by  the  Map,  that  the  Hoosic  mountain  range, 
(by  which  I  mean  all  the  mountainous  region  between  the  vallies 
of  Berkshire  and  the  Connecticut,'^  is  composed  mainly  of  two 
wedged  shaped  patches ;  the  one  ot  gneiss  and  the  other  of  mica 
slate  ;  the  first  having  its  acute  angle  towards  the  north,  the  other 
towards  the  south.  And  yet,  according  to  the  Map,  which  shows 
the  direction  of  the  strata,  (Plate  XVI.)  the  strata  extend  unin- 
terruptedly across  both  the  wedges.  And  such  I  believe  to  be 
the  fact.  It  is  my  opinion  that  the  mica  slate  and  gneiss  pass  lat- 
erally into  each  other ;  that  is,  as  we  go  north,  the  feldspar  de- 
creases in  quantity  until  it  disappears ;  and  of  course  the  rock  is 
mica  slate ;  and  so  vice  vena.  But  the  lateral  passage  of  one 
rock  into  another  is  extremely  difficult  to  prove  ;  because,  on  ac- 
count of  the  diluvium  spread  over  the  surface,  we  cannot  trace  a 
stratum  with  certainty  for  any  considerable  distance.  According- 
ly this  is  a  subject  rarely  toudied  upon  by  geological  writers.  I 
recollect,  indeed,  but  a  single  statement  of  any  fact  resembling 
this  :  Dr.  MaccuUoch  speaks  of  the  beds  of  red  sandstone  in  Sky, 
as  <  changing  their  composition  even  according  to  the  line  of  their 
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proloogations  :'*  But  tbey  merely  change  from  red  sandstone 
into  gray  quartz  rock ;  which  might  have  resulted  from  the  appli- 
catioD  of  heat.  Yet  I  see  no  insuperable  difficulty  in  supposing 
that  in  one  part  of  an  extensive  deposite,  gneiss  might  have  been 
produced,  and  mica  slate  in  another ;  I  mean  in  the  same  stratum. 
Some  geologists  suppose  that  these  rocks  were  produced  by  direct 
crystallization  from  aqueous  solution  :  and  on  this  hypothesis,  I  cao 
imagine  how  one  portion  of  the  menstrum  might  be  destitute,  or 
nearly  so,  of  feldspar :  while  the  other  part  should  abound  in  it ; 
especially  if  the  supposed  lake  or  ocean  were  shallow.  Other  ge- 
ologists suppose  these  rocks  to  have  been  originally  deposited  in 
the  condition  of  sediment,  and  that  their  crystallization  resulted 
from  their  subsequent  partial  fusion  by  heat.  And  certainly  in 
consistency  with  this  hypothesis,  may  the  change  of  composition 
under  consideration  be  explained.  But  as  to  the  fact  of  such  a 
change  in  the  present  case,  I  would  not  wish  to  be  very  positive 
without  farther  examination.  It  is,  however,  certain,  that  much 
of  the  gneiss  in  the  Hoosic  range  so  much  resembles  mica'  slate, 
that  Prof.  Dewey  was  led  to  describe  it  as  such.  But  as  it  does 
pass  into  distinct  gneiss  towards  the  south  part  of  the  State,  and 
especially  in  Connecticut,  I  have  not  hesitated  thus  to  mark  the 
whole  formation  as  far  north  as  the  rock  contains  any  noticeable 
quantity  of  feldspar.  I  suspect  that  careful  observation  might  dis- 
cover that  the  rock  contains  feldspar  across  the  whole  State,  and 
that  the  patch  of  gneiss  represented  in  Whitingham,  Vt.  is  a  con- 
tinuaticNi  of  the  range  marked  on  the  Map  as  extending  only  to 
Savoy. 

Near  the  central  part  of  this  range  of  mica  slate,  occurs  a 
range  of  takose  and  chlorite  slates-,  in  conformable  order,  and  pas- 
sing insensibly  into  the  mica  slate.  Hornblende  slate  and  lime- 
stone are  connected  with  it  still  more  intimately,  as  the  Map  will 
show. 

The  mica  slate  on  both  sides  of  Connecticut  river  in  Northfield, 
is  separated  from  the  range  just  described,  by  a  deposite  of  ai^illaee- 
ous  slate  conformably  stratiGed  and  gradually  passing  into  the  mk>a 
slate,  though  the  direction  of  the  strata  of  the  clay  slate  is  more 
towards  northeast  and  southwest  than  that  of  the  mica  slate  on  the 
west :  on  the  east,  the  mica  slate  becomes  decided  quartz  rock  ; 
and  this  accompanies  the  mica  slate,  though,  often  wanting,  as  iiur 
south  at  least  as  Leverett. 

The  narrow  stratum  of  mica  slate  marked  on  the  Map  in  the 
eastern  part  of  Hampshire,  and  Hampden  counties,  is  associated 
with  talcose  slate  on  one  side,  and  with  gneiss  on  the  other.  From 
having  noticed  occasional  patches  of  mica  slate  among  the  gneiss 

•  Western  Islands,  Vol.  I.  p.  307. 
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as  far  north  at  least  as  Enfield,  I  have  been  induced  to  extend  the 
stratum  so  far,  in  doubt,  however,  whether  it  be  continuous  o^er 
the  whole  distance.  In  many  other  parts  of  the  broad  gneiss 
range  of  Worcester  county,  I  would  here  remark,  we  find  limited 
beds  of  mica  slate,  apparently  interstratified  with  the  gneiss.  But 
to  exhibit  all  such  cases  on  the  Map  would  require  immense  labor, 
and  be  of  little  service. 

In  the  northwestern  part  of  the  gneiss  range  of  Worcester 
county,  will  be  perceived  on  the  Map,  a  succession  of  granite, 
gneiss,  and  mica  slate  deposits.  I  have  not  in  that  case  attempted 
to  give  the  exact  extent  of  these  several  rocks  in  that  region ;  but 
simply  to  indicate  that  such  a  succession  of  strata  exists  there  ; 
and  that  the  different  members  of  it  occupy  the  surface  in  about 
the  same  ratio  as  the  different  colors.  I  apprehend  that  here  is 
another  example  of  a  different  composition  in  the  same  stratum 
prolonged.  But  I  throw  out  this  hint  merely  to  excite  others  to 
make  that  thorough  examination  which  I  have  not  been  able  to  do« 

In  passing  eastward  we  next  come  to  the  Worcester  range  of 
mica  slate,  which  has  been  several  times  referred  to.  This  rock 
has  heretofore  been  regarded,  either  as  graywacke  slate,  or  talcose 
slate,  or  both.*  But  after  a  careful  examination  of  this  formation 
in  various  places,  from  the  mouth  of  the  Merrimack  to  Connecticut 
line,  I  am  constrained  to  regard  it  as  one  of  the  latest  varieties  of 
mica  slate :  probably  what  Humboldt  would  call  transition  mica 
slate.  True,  I  have  occasionally  met  with  a  limited  portion  of 
this  rock,  which  had  somewhat  of  a  mechanical  aspect ;  though  not 
much  more  so  than  I  have  found  in  every  range  of  mica  slate 
which  I  have  examined.  In  some  cases  too,  there  exists  a  glazing, 
apparently  talcose,  on  the  laminae  of  the  rock ;  and  this  variety 
certainly  approximates  closely  to  graywacke  slate.  Still,  these 
are  not  the  predominant  characters  of  the  formation.  Generally 
the  rock  is  composed  of  gray  arenaceous  quartz,  and  mica  in  mi- 
nute scales :  the  rock  exhibiting  too  much  of  a  crystalline  structure 
for  graywacke,  and  containing  moreover,  but  little  if  any  argillace- 
ous matter.  Where  it  contains  considerable  oxide  of  iron,  as  in 
the  northeast  part  of  Worcester,  it  presents  at  a  little  distance  the 
dirty  appearance  of  sandstone:  but  a  closer  examination  will  show 
the  characters  above  pointed  out.  I  saw  not  the  least  trace,  more- 
over, of  any  organic  remains  in  this  formation ;  nor  have  I  any 
evidence  that  such  have  ever  been  found.  In  short,  though  very 
probably  genuine  cabinet  specimens  of  graywacke  slate  may  be 
found  in  this  formation,  yet  as  a  whole,  I  could  not,  without  doing 
violence  to  my  convictions,  refer  it  to  any  formation,  but  mica 
slate.     But  as  I  shall  place  quite  a  number  of  specimens  from  this 

•  See  Eaton's  Canal  Rocks  and  Geological  Text  Book. 
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formation  in  the  hands  of  the  OoTernment,  others  by  inspecting 
them  can  form  their  own  opinions  as  to  their  nature. 

I  ought  to  remark  that  quartz  very  frequently  predominates 
in  this  formation,  and  the  mica  almost  disappears.  Indeed,  I  am 
by  no  means  sure  that  quartz  is  not  the  predominant  ingredient  in 
the  whole  formation  :  and  if  so,  it  ought  to  be  denominated  quartz 
rock.  And  it  seems  to  me  that  there  is  much  more  reason  to  doubt 
as  to  this  point,  than  whether  it  ought  to  be  referred  to  gray  wacke, 
or  talcose  slate. 

As  we  approach  the  east  and  west  sides  of  this  range,  the  char- 
acters of  the  mica  slate  become  more  decided ;  and  in  this  slate  of 
apparently  greater  antiquity,  the  veins  and  protruding  masses  of 
granite  are  more  numerous ;  though  they  occur  in  every  part  of 
the  formation,  and  sometimes  in  the  argillaceous  slate  connected 
with  it.  Except  in  Worcester,  Fitchburg,  and  Pelham,  N.  H. 
no  attempt  has  been  made  to  give  the  actual  number  and  extent 
of  these  masses  of  granite  on  the  Map  ;  but  simply  to  indicate 
where  they  are  most  numerous.  I  regard  the  frequency  of  the 
protrusion  of  this  granite,  and  the  perfection  of  its  character,  as 
some  indication  that  the  formation  is  older  than  gray  wacke.  A 
large  proportion  of  the  most  beautiful  granite  in  the  State  is  con- 
tained in  this  formation  ;  and  it  is  entirely  wanting  i  n  hornblende  ; 
which  circumstance  if  I  mistake  not,  affords  some  presumption  of 
its  being  among  the  oldest  of  the  granites. 

But  does  not  the  occurrence  of  anthracite  in  this  formation  at 
Worcester,  decide  at  once  that  it  cannot  be  mica  slate  ?  Some 
might,  indeed,  doubt  whether  that  mineral  is  actually  contained  in 
the  rock  under  consideration  ;  because  the  slate  forming  the  im- 
mediate roof  and  floor  of  the  mine  so  much  resembles  clay  slate. 
But  the  extent  of  this  slate  is  quite  limited,  and  then  succeeds 
the  rock  under  consideration  ;  and  I  have  already  stated  that  I  re- 
gard the  slate  in  which  the  anthracite  lies,  as  an  anthracitous  mica 
slate.  I  consider,  therefore,  the  anthracite  at  Worcester  as  em- 
braced in  mica  slaie. 

But  can  there  be  any  doubt  that  anthracite  does  occur  in 
mica  slate  and  even  in  gneiss  ?  The  highest  European  authorities 
are,  I  believe,  unanimous  on  this  point.  If  we  consult  the  TcJh- 
lean  des  Terrains  of  Brongniart,  we  shall  see  anthracite  marked 
in  the  stratum  of  gneiss  that  lies  next  to  granite ;  also  in  his  PhyUa- 
dique^  a  variety  of  mica  slate  superior  to  the  oldest  variety  of  the 
gray  wacke  series,  &c.  '  It  has  occurred,'  says  Dr.  Macculloch, 
<  in  gneiss,  in  micaceous  schist,  in  primary  limestone,  and  in  a 
conglomerate  rock  said  to  belong  to  the  primary  rocks.'  *  ^  It 
was  believed  for  a  longtime,'  says  De  Lafosse,  'that  anthracite  be- 

•  System  of  Qeology,  Vol.  II.  p.  396. 
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longed  ezcluriveljr  to  the  primitive  deposites.  But  it  has  been 
sinoe  found  that  it  abounds  in  the  secondary  and  transition  forma- 
tions,' &tc.*  *  Anthracite/  says  Prevost,  *  belongs  almost  exclu- 
sively to  the  oldest  of  the  deposites  called  transition  i  where  it  is 
met  with  in  beds  or  veins  in  the  midst  of  mica  slate,  of  gneiss^ 
and  of  the  schutes-phyUades^  which  overlie  vegetable  impres- 
sions of  the  family  of  ferns.  For  a  long  time,  it  is  true,  it  was 
said  that  anthracite  was  found  in  primitive  deposites ;  but  it  is 
probable  that  this  term  was  applied  to  rocks  and  formations  which 
are  now  placed  in  the  transition  formation.  It  seems  almost  cer- 
tain that  no  primitive  anthracite  exists.'!  I  asserted  in  the  first 
part  of  my  Report  that  some  of  the  anthracite  in  this  country,  viz. 
that  at  Worcester,  occurs  in  primitive  rocks,  because  it  exists  in 
mica  slate.  A  reviewer  says  that  *  he  has  certainly  spoken  unad- 
visedly when  he  asserts  that  it  is  so  found  in  this  country.':^  But 
had  he  been  aware  that  I  reject  the  transition  class,  and  conse- 
quently, following  MaccuUoch,  include  every  variety  of  mica  slate 
and  gneiss,  the  older  varieties  of  quartz  rock,  and  clay  slate,  in 
the  primitive  class,  he  would  have  seen  that  my  statement  was  in 
perfect  accordance  with  the  authorities  quoted  above ;  and  tbeir 
correctness  and  high  standing,  I  presume,  he  would  not  call  in 
question.  When  Prevost  asserts  that  ^  no  primitive  anthracite  ex- 
ists,' he  means  none  which  he  calls  primitive.  But  in  the  same 
paragraph  he  says  that  this  mineral  does  exist  in  mica  slate  and 
gneiss ;  every  variety  of  which,  geologists  of  no  mean  name  re- 
gard as  primitive.  If  this  is  all  that  is  meant  by  the  reviewer, 
there  is  between  him  and  me  no  difference  of  opinion,  except  in 
the  use  of  the  word  primitive. 

If  it  be  true,  as  I  suppose,  that  the  Worcester  anthracite  occurs 
in  mica  slate,  we  see  the  reason  why  it  passes  into  plum- 
bago, as  I  have  elsewhere  shown  that  it  does.  For  whatever 
be  the  cause,  as  a  general  fact  it  is  true,  that  the  older  the  rock 
in  which  carbon  is  found,  the  more  compact  it  is,  and  the  nearer 
does  it  approximate  to  the  semi-crystalized  condition  of  plum- 
bago. 

On  the  first  edition  of  the  Map,  a  small  patch  of  mica  slate  was 
represented  in  Sherburne.  But  its  extent,  as  I  observed  it,  was 
so  limited  that  I  have  thought  it  best  to  omit  it.  I  am  not  without 
suspicion,  however,  that  this  rock  may  be  found  of  considerable 
extent,  connected  with  granite,  in  Sherburne  and  in  the  towns 
north  of  that  place,  as  far  as  Sudbury  at  least. 

The  narrow  strip  of  mica  slate  in  Smithfield,  R.  I.,  represented 
on  the  Map,  associated  with  talcose  slate,  is  of  rather  a  peculiar 

♦  DictioDnaire  D'Histoire  NaturcUe,  Art.  Anthracite. 

t  Diet.  D'Hist.  Nat.  ArU  Houille. 

t  Peter  A.  Browne,  Esq.— Bucks  county  Intelligencer,  Sept.  3,  1633. 
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character.    It  is  decidedly  arenaceous,  and  even  resembles  certain 
micaceous  sandstones.  (No.  675.) 

The  tongue  of  mica  slate  exibited  on  the  Map,  as  extending 
through  the  east  part  of  Andover  into  Middleton,  is  very  probably 
connected  with  the  Worcester  range  ;  since  the  direction  and  dip 
of  the  strata  correspond  with  those  of  that  range  ;  and  indeed  I 
have  traced  it  nearly  to  the  place  of  connection  with  the  Worces- 
ter mica  slate.  But  commonly  it  is  more  decided  in  its  characters, 
and  more  crystalline  in  its  texture,  than  the  rock  of  that  range  gen- 
erally ;  especially  where  it  approaches  the  coarse  granite  of  An- 
dover. 

ShUy  and  Stratified  Structure  of  the  Mica  Slate,   with  the  Dip 
arid  Direction  of  the  Strata. 

It  b  rare  to  find  even  a  small  portion  of  this  rock  destitute  of  a 
schistose  structure.  But  it  is  not  uncommon  to  meet  with  exten- 
sive masses  in  which  it  is  very  dif&cult  to  trace  any  strata  seams. 
In  other  places,  however,  no  rock  exhibits  more  regularity  and 
beauty  of  stratification.  Such  dififerences  may  in  general  be  ex- 
plained by  local  disturbances ;  but  sometimes  no  appearances  will 
warrant  such  an  explanation  of  the  phenomena.  And  it  seems 
reasonable  to  impute  something  to  different  proportions  of  the  in- 
gredients in  the  rock,  and  to  peculiarities  in  the  mode  of  formation. 
In  general,  the  less  the  quantity  of  mica,  the  more  regular  is  the 
stratification.  The  mica  slate  in  Goshen,  Chesterfield,  he,  which 
is  remarkably  regular  in  this  respect,  consists,  however,  chiefly  of 
mica.  Those  varieties  exhibit  most  of  contortion  and  undulation 
in  the  layers,  which  are  of  a  plumbaginous  aspect,  and  contain  tu- 
berculous masses  of  quartz. 

Though  our  mica  slate  is  sometimes  divided  by  a  double  set  of 
parallel  fissures,  yet  I  have  never  met  with  any  examples  in  which 
the  planes  of  stratificatbn  make  an  angle  with  the  laminae  of  the 
slate.  The  flexures  of  the  laminae,  however,  seem  in  a  great 
measure  to  be  independent  'of  the  planes  of  stratification ;  and 
the  two  structures  appear  to  have  resulted  from  different  causes. 
The  two  following  sketches  will  illustrate  this.  In  each  case  a 
single  stratum  only  is  represented  ;  and  it  will  be  seen  that  the 
curvatures  of  the  laminae  have  no  connection  with  the  strata  seams 
which  are  represented  by  the  parallel  lines  that  include  the 
contorted  layers.  In  these  cases  the  strata  are  two  or  three  feet 
thick ;  and  they  are  generally  thick ;  sometimes  eight  or  ten  feet, 
where  the  slate  is  much  bent.  The  strata  are  often  bent  as  well  as 
the  laminae,  and  sometimes  the  curvatures  of  the  former  are  par- 
allel to  those  of  the  latter. 
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Contortions  in  Mica  Slate:  Whately. 


Contortions  in  Mica  Slate:  Conway. 


The  following  extracts  from  my  travelling  notes,  will  show  the 
dip  and  direction  in  numerous  places  of  the  strata  of  the  different 
ranges  of  mica  slate  that  have  been  described.  It  has  already  been 
mentioned  that  this  rock,  in  connection  with  the  limestone  of  Berk- 
shire county,  has  a  direction  north  and  south,  and  a  dip  from  15^ 
to  30°  east,  often  greater.  Between  Cheshire  and  Lanesborough, 
for  instance,  its  strata  dip  from  60°  to  90°  east ;  and  between 
Lanesborough  and  Hancock,  from  30°  to  40°  east. 


Hoosic  Mountain  Range. 

Direction. 
Hoosic  Mountain^  western  slope,     N.  and  S. 
Florada,  east  slope  of  do.  N.  a  little  W. 

From  Chester  to  Becket.  N.  and  S. 

Near  Chester  villiage,  E.  and  W. 

Goshen,  Plainfield,  Hawley, 
Charlemont,  and  Zoar, 
Goshen,  northwest  part  of  the  town,  E.  and  W, 
Westfield  to  Blanford,  N.  and  S. 

Chester,  Worthington,  (east  part,) 
Chesterfiield,  (west  part,)  ^  N.  and  S 

Cummingtou;  (east  part,) 


N. and  S. 


ill.  ai 


Dip. 

20°  to  90°  East. 
70°  to  90°  East. 
80**  to  90°  East. 
46°  North 

nearly  90°  East. 

25°  North. 
70°  to  90°  West. 

nearly  90^  W. 
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CuramiDgtODy  (west  pan,)  N.  and  S.  nearly  90**  E. 

Heath,  N.  and  S.  nearly  90«  W. 

Colraine,  N.  and  S.  nearly  90''  E. 

Whately,  N.  several  degrees  E.  70^  to  90o  East. 

Conway,  Shelburne,Leyden,  J     j^  ^^  g  g^o  ^  ^^o  j,^^ 

Buckland,  and  Ashneld,  ) 

Leyden,  (at  the  *Glen,*)  N.  and  S.  90^ 

It  will  be  seen  that  the  general  direction  of  the  strata  in  this 
range  is  north  and  south,  and  the  dip  very  great ;  for  the  most  part 
nearly  vertical.  The  most  remarkable  exception  b  that  which  oc- 
curs in  the  northwest  part  of  Goshen,  where  the  strata  run  almost 
east  and  west  and  have  a  comparatively  small  dip.  Although 
these  strata  are  remarkably  regular,  yet  I  cannot  but  believe  that 
this  peculiarity  has  resulted  from  the  protrusion  of  that  vast  mass 
of  granite  which  lies  a  little  east  of  the  slate  in  that  town,  in  Will- 
lamsburgh,  Northampton,  Whately,  &c.  I  can  easily  conceive 
how  a  vast  mass  of  slate,  might  be  thrown  into  an  anomalous  po- 
sition over  a  considerable  extent  of  surface,  without  affecting  the 
continuity  of  the  planes  of  stratification  in  limited  spaces. 

i%  the  Connecticut  valley. 

Direction  Dip. 

From  FitzwiUiam  to  Richmond,  (N.  H.)   N.  and  S.         East. 
From  Richmond  to  Winchester,  (N.  H.)  N.  and  S.  30**  to  40°  West. 
From  Winchester  to  Northfield,  N.  and  S.  nearly  90""  East. 

In  Northfield,  N.  E.  and  S.  W.  30°  West. 

Do.         west  side  of  the  river,     N.  and  S.  20*"  to  60**  East. 

In  this  range  are  frequent  alternations  of  gneiss  and  protruding 
masses  of  granite  ;  and  in  the  south  part  of  New  Hampshire  there 
is  a  good  deal  of  irregularity  in  the  dip  and  direction  of  the  strata. 
That  region  needs  farther  examination  and  elucidation. 

Worcester  and  Merrimack  VaUies. 

Direction.  Dip. 

Webster,  N.  and  S.         45o  West. 

Ward,  N.  and  S.         70°  to  80^  West. 

Worcester,  west  of  hill  of  granite,  N.  and  S.         25°  West. 

Do.  east  of  the  same,  various,  25°  to  90°  Easterly. 
From  Worcester  to  Berlin,  N.  E.  and  S.  W.  20°  to  90°  N.  W.? 
Sterling,  N.  several  degrees  E.  60°  to  70°  West. 

(This  last  is  the  most  usual  dip  of  this  range  of  mica  slate.) 
Lieominster,  N.  several  degrees  E.  West,  large. 

Fitchburg  to  Lunenberg,  do.  10°  to  30°  Easterly 

Between  Lunenberg  and  Shirley,      do.  Westerly,  small. 

Boxford,  N.  E.  and  S.  W.  25'  to  50^  N.  W. 
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Direction.  Dip. 

GrotOD,  N.  E.  and  S.  W.  3(f  to  45'*  S.  E. 

Pepperell,  do.  nearly  90o  N,  W. 

Townsend^  N.  and  S.  30^  to  60''  Ease. 

Andover,  E.  and  W.  70»  to  90*  North. 

Methuen,  (FaHs,)  E.  and  W.  30*"  to  30o  North. 

Tyngsborough  to  Dunstable,  Southeast. 

Methuen  to  Dracut,  Northwest ,  large. 

Lowell  to  Chelmsford,  nearly  E.  and  W«  do. 

Between  Newburyport  and  Bradford,     do.         Northeriy. 

There  would  seem  irom  the  above  statement,  to  be  great  irreg- 
ularity in  the  direction  and  dip  of  the  strata  of  this  range.  Yet  it 
must  be  recollected,  that  I  was  careful  to  notice  all  the  important  - 
anomalies  in  these  respects,  that  fell  under  my  observation  ;  while 
I  made  few  records  where  the  usual  dip  and  direction  were  observed. 
Hence  the  statement  above  made,  in  respect  to  the  usual  dip  and 
direction,  may  be  true,  although  not  taught  by  the  preceding  table. 
And  the  same  remarks  are  in  a  measure  applicable  to  other  rocks. 
To  prevent  any  false  inferences  from  such  statements,  I  have  drawn 
the  Map  (Plate  XVI)  which  exhibits  the  predominant  direction ; 
and  the  sections  appended,  which  exhibit  the  predominant  dip,  of 
the  strata — anomalies  being  neglected,  unless  they  are  of  consider- 
able extent.  In  the  range  under  consideration  these  inequalities 
are  somewhat  numerous.  Yet  I  am  inclined  to  the  opinion  that 
the  mica  slate  along  the  western  border  of  this  range,  is  connec- 
ted with  that  system  of  stratification  which  is  exhibited  by  the 
great  body  of  the  gneiss  in  the  western  part  of  Worcester  county, 
where  the  strata  usually  run  north  and  south  :  while  the  great  body 
of  this  range  is  connected  with  the  system  of  stratification  that 
prevails  in  the  gneiss  range,  running  northeast  and  southwest,  in  the 
east  part  of  Worcester  county,  anot  the  west  part  of  Middlesex. 
South  of  Worcester  the  western  margin  of  the  gneiss  lying  east  of 
the  slate,  runs  nearly  north  and  south ;  and  hence  the  mica  slate 
there  afiects  the  same  direction,  except  in  the  vicinity  of  the  an- 
thracite bed ;  where  it  curves  around  the  north  end  of  the  hill  of 
granite,  west  of  the  mine.  As  we  proceed  northerly,  the  gneiss 
trends  away  more  towards  the  northeast,  and  the  mica  slate  con- 
forms to  it.  Still  farther  to  the  northeast,  the  strata  of  the  mica 
slate  turn  more  easterly :  because  the  longer  axis  of  the  valley  of 
the  Merrimack  lies  in  that  direction ;  and  in  this  the  slate  seems 
to  have  been  originally  deposited. 

These  suggestions  may  explain  some  of  the  irregularities  ap- 
parent in  the  stratification  of  this  mica  slate.  And  when  we  re- 
collect, that  numerous  masses  of  granite  are  protruded  through 
it — some  of  them  of  great  extent,  as  at  Fitchburg,  for  examples- 
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I  think  we  shall  have  do  difficulty  in  explaining  the  remaining 
anomalies. 

The  strata  of  mica  slate  in  Sherburne,  run  northwest  and  south- 
east, and  dip  northeast  about  45^  This  small  deposit  is  very  ob* 
viously  connected  with  that  system  of  strata  which  appears  in  the 
gneiss  of  the  southeast  part  of  Worcester  county ;  as  will  be  man- 
ifest when  I  come  to  describe  that  rock. 

At  Woonsocket  Falls  in  Cumberland,  R.  I.  a  peculiar  mica 
slate  appears,  running  south  several  degrees  west,  and  dipping 
southeast  from  60^  to  80^ 

Veins  in  Mica  Slate. 

These  consist  chiefly  of  granite  and  quartz  ;  but  it  will  be  more 
convenient  to  describe  them  when  treating  of  granite. 

Some  of  the  more  close  grained  and  imperfectly  schistose  vari' 
eties  of  mica  slate  exhibit  by  disintegration,  that  kind  of  structure 
which  has  been  sometimes  denominated  veins  of  segregation : 
that  is,  veins  produced  at  the  time  of  the  formation  of  the  rock,  or 
when  it  was  in  a  fluid  state,  by  the  play  of  chemical  affinities, 
which  in  a  measure  separated  the  ingredients  into  different  masses ; 
so  that  when  atmospheric  agencies  wear  away  the  rock,  the  hard- 
er parts  remain  in  relief  on  the  surface,  like  genuine  veins.  The 
following  is  a  sketch  of  a  bowlder  of  mica  slate,  not  more  than  two 
feet  in  diameter,  which  exhibits  a  double  set  of  these  segregated 
ridges,  the  smaller  ones  amounting  to  fifty  five,  and  the  larger  ones  not 
being  parallel  to  one  another.  I  did  not  notice  the  direction  of  the 
slaty  laminae  in  this  bowlder,  but  probably  it  coincides  with  that  of 
the  most  numerous  ridges. 


Veins  of  Segregation  in  Mica  Slate :  Chesterfield. 
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Mineral  ContenU. 

More  simple  minerals  occur  in  this  rock  than  in  any  other,  with 
the  exception  perhaps  of  granite. 

To  begin  with  the  earthy  salts :  it  is  hardly  needful  to  mendon 
one  so  common  as  calcareous  spar,  which  always  occurs  more  or 
less  in  connection  with  limestone.  It  is  in  distinct  crystals  some- 
times, also,  in  the  mica  slate  ;  as  at  Chester,  where  several  of  its 
secondary  forms  have  heen  noticed.  The  laminated  variety  occurs 
in  connection  with  the  micaceous  limestone  in  Whately,  Conway, 
&c. 

The  sulphate  of  alumina  and  potassa,  or  native  alum,  is  not 
unfrequently  found  efflorescing  upon  mica  slate  ;  resulting  from  the 
decomposition  of  the  sulphuret  of  iron  and  probably  also  of  feld- 
spar, as  this  is  the  most  probable  source  from  whence  it  derives 
the  potassa.  In  Sheffield  it  is  said  that '  pounds  of  it  can  easily  be 
collected  in  as  nearly  a  pure  sute  as  that  of  commerce/  *  The 
localities  mentioned  in  the  first  part  of  my  Report,  in  Leominster 
and  Barre,  I  am  satisfied  ought  to  be  referred  to  the  gneiss  forma- 
tion ;  although  in  hand  specimens,  the  rock  in  which  the  alum  oc- 
curs can  hardly  be  distinguished  from  mica  slate. 

The  phosphate  of  lime  has  been  noticed  in  Williamsburgh, 
Chesterfield,  Chester,  Middlefield,  Norwich,  Hinsdale,  &c.  That 
in  Williamsburgh  is  in  hexagonal  delicately  green  crystals,  and  is 
doubtless  apatite.  That  in  Chesterfield  is  associated  with  sappare  ; 
as  may  be  seen  on  No.  750,  and  almost  exactly  resembles  the 
chrysoberyl  of  Haddam  ;  but  the  ease  with  which  it  is  impressed 
by  steel,  shows  its  nature  at  once.  In  Norwich  this  mineral  occurs 
in  a  gray  quartz  and  black  mica,  and  in  the  vicinity  of  granite. 
One  of  the  imperfect  crystals  which  I  found,  (of  which  No.  728 
is  part,)  was  three  inches  in  diameter,  and  six  mches  long. 

Quite  recently,  in  Westmoreland,  New  Hampshire,  a  very  in- 
teresting locality  of  crystalized  phosphate  of  lime — in  6  and  12 
sided  prisms — with  limpid  and  purple  foliated  fluate  of  lime 
and  fine  sulphuret  of  molybdenum,  has  been  discovered  in  the 
mica  slate,  which  is  a  continuation  of  that  range  exhibited  on  the 
Map  on  Connecticut  river  in  Northfield,  he.  Here  also  we  find 
an  incrustation  of  the  oxide  of  molybdenum,  of  a  lively  yellow 
color  as  well  as  distinct  crystals  of  feldspar  and  a  great  deal  of 
disseminated  sulphuret  of  iron.  In  the  loose  soil  above  the  rock, 
there  exists  likewise  not  a  little  of  the  earthy  oxide  of  manganese. 
All  these  minerals  occur  together  in  the  northwest  part  of  the  town 
on  the  farm  of  a  Mr.  Lincoln.     A  better  locality  of  fluate  of  lime 

«  Robinson's  Cat.  of  American  Minerals,  p.  69. 
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exists  two  or  three  miles  east  of  his  farm.  The  quantity  of  mo- 
lybdenum at  Mr.  Lincoln's  locality  is  much  greater  than  I  have 
ever  seen  or  read  of. 

Fluate  of  lime  exists  in  small  quantity  in  the  mica  slate  in  Con- 
way ;  and  a  green  variety  was  found  a  few  years  since  in  the  same 
rock  in  Putney,  Vt. 

Almost  every  variety  of  quartz  described  in  the  books,  occurs 
in  our  mica  slate.  It  is  hardly  necessary  to  mention  crystalized 
quartz,  which  is  found  almost  everywhere,  and  in  nearly  every 
rock.  The  white  hyaline  quartz,  passing  into  white  milky  quartz, 
exists  in  large  beds,  or  tuberculous  masses,  in  almost  every  part  of 
the  mica  slate.  It  is  an  interesting  fact,  that  a  large  proportion  of 
this  quartz  is  fetid  in  the  Hoosic  mountain  range.  I  have  observed 
this  variety  on  that  range  from  the  south  part  of  Connecticut,  to 
the  south  part  of  Vermont,  over  an  interval  of  more  than  100 
miles.  Sometimes  this  hyaline  quartz — as  in  Shelburne  and  Col- 
raine — ^is  tinged  of  a  blood  red  polor,  and  sometimes  of  a  wine  yel- 
low, by  iron.  As  the  mica  slate  approaches  to  clay  slate,  the  quartz 
becomes  bluish  and  greasy  in  its  fracture.  Sometimes,  also,  it  is 
pavoine  or  irised,  as  in  Fitchburg,  Leyden,  &c.  It  is  found,  also,  of 
a  rose  red  color,  in  Williamsburg,  Chesterfield,  Blanford,  and 
Chelmsford.  I  am  not  certain  that  at  the  two  latter  places  mica 
slate  is  its  gangue,  because  I  found  it  only  in  bowlders :  yet  I  have 
little  doubt  that  such  is  the  fact.  That  in  Blanford  appears  to  be 
the  finest ;  and  probably  if  some  pains  and  expense  were  devoted 
to  getting  it  out,  rich  specimens  might  be  procured. 

In  the  mica  slate  in  the  southeast  part  of  Conway,  a  vein  of 
quartz,  six  or  eight  feet  thick,  and  nearly  perpendicular  to  the  ho- 
rizon, runs  N.  20^  east.  It  is  the  gangue  of  two  ores,  the  red  ox- 
ide of  iron  and  the  gray  oxide  of  manganese  :  which,  however,  do 
not  occur  in  it  abundantly  at  the  surface.  But  they  have  imparted 
a  great  variety  of  colors  to  nearly  the  whole  gangue ;  and  rendered 
a  part  of  it  very  compact.  Hence  we  find  there  brown  and  yellow 
jasper,  and  sometimes  chalcedony.  The  various  colors,  black, 
white,  red,  yellow,  and  brown,  are  often  intermixed,  sometimes  ir- 
regularly, forming  breccia  agates ;  and  rarely  in  parallel  stripes, 
forming  a  banded  agate.  Some  of  these,  if  polished,  would  form 
I  doubt  not  elegant  ornaments.  ^Nos.  738  to  748.) 
-  At  the  same  place  we  find  a  aelicate  variety  of  tabular  quartz, 
in  which  the  lamins  are  as  distinct  and  thin  as  the  folia  of  feldspar. 
Sometimes  they  are  so  arranged  as  to  present  the  appearance  of 
pseudomorphous  crystals  ;  and  sometimes  they  so  intersect  as  to 
form  cells.  In  the  cavities  of  the  compact  quartz,  there  sometimes 
occur  minute  crystals  of  quartz,  giving  the  geodes  a  rich  appear- 
ance. (Nos.  746,  747.) 

About  one  mile  northeast  of  the  College  in  Amherst,  I  have  re- 
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caDtly  fouDd  Dumereus  bowlders  almost  exactly  resembling  those 
in  Conway  just  described.  Chalcedony  and  hornstone,  bowever, 
occur  bere  rather  more  commonly.  I  cannot  doubt  but  these  mas- 
ses were  brought  to  that  spot  from  the  mica  slate  which  occurs  a 
few  miles  north,  both  in  Amherst  and  Leverett.  The  delicate 
greenish  hornstone,  found  by  Mr.  Shepard  in  Amherst  and  Pel- 
ham,  some  years  since,  undoubtedly  had  the  same  origin.  I  do 
not  despair  of  discovering  the  parent  vein. 

Some  of  the  quartz  of  these  bowlders  is  yellow  and  in  small 
crystals.  Yellow  and  irised  quartz  also  occurs  in  mica  slate  in 
Fitchburg.  Jasper  is  found  on  the  banks  of  Deerfield  and  West- 
field  rivers  in  rolled  masses,  and  probably  originated  in  mica  slate. 

The  gangue  of  the  lead,  zinc  and  copper  ores  in  Hampshire 
county,  is  chiefly  crystalized  and  radiated  quartz  :  and  these  veins 
sometimes  occur  in  mica  slate :  but  as  they  generally  traverse 
granite,  I  shall  describe  them  in  treating  of  that  rock. 

Not  having  visited  the  beds  of  manganese  and  iron  marked  od 
the  Map  in  Hinsdale  and  Winchester,  New  Hampshire,  I  am  not 
sure  that  they  occur  in  mica  slate,  though  strongly  suspicious  that 
such  is  the  fact.  In  the  first  part  of  this  Report,  I  have  stated  all 
the  facts  with  which  I  am  acquainted  respecting  these  beds ;  ex- 
cept that  I  have  since  ascertained  that  nearly  all  of  the  mang^- 
ese  ore  is  the  ferro-silicate,  or  Fowlerite.  (No.  1027.) 

The  best  locality  of  fibrolite  that  has  been  discovered  in  this 
slate,  is  in  Lancaster,  near  the  village.  It  is  found  in  a  bowlder. 
The  fibrous  structure  of  this  mineral  is  sometimes  almost  changed 
into  the  foliated.  The  masses  are  fix>m  an  inch  to  three  or  four 
inches  long,  and  half  an  inch  broad.  It  has  been  met  with,  also, 
in  some  other  places  in  the  State. 

Under  argillaceous  slate,  I  have  noticed  the  occurrence  of  beau- 
tiiul  amianthus  and  bucbolzite  in  the  slaty  rock  that  embraces  the 
anthracite  in  Worcester.  If  my  opinion  be  correct,  in  referring 
that  rock  to  mica  slate,  these  minerals  should  be  described  in  this 
connection. 

The  localities  of  sappare  are  numerous.  The  best  is  Chester- 
field ;  from  whence  large  quantities  have  been  obtained  ;  some  of 
it  finely  crystalized  and  of  a  rich  color.  Its  colors  vary  from 
nearly  white,  to  dark  blue.  It  is  not  possible  at  present  to  obtain 
specimens 'as  fine  as  No.  750.  It  is  found  also  in  Blanford,  Wor- 
tbington,  Middlefield,  Deerfield,  &c.  The  Rhoetizite  is  found 
in  Blanford  and  Russell,  according  to  Dr.  Emmons.  In  Canton, 
Ct.,  sappare  occurs  crystalized  and  of  a  green  color. 

Of  the  situation  of  staurotide  in  Massachusetts,  I  have  given  a 
general  account  in  describing  the  staurodiferous  mica  slate.  Ches- 
terfield perhaps,  hear  the  locality  of  green  and  red  tourmalines,  is 
as  good  a  spot  for  procuring  specimens  as  any  one  in  Massacbu- 
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setts.     But  no  specimens  found  in  this  State  equal  those  from  the 
western  part  of  New  Hampshire. 

Dr.  Emmons  sutes  in  his  Mineralogy,  that  pinite  is  found  in 
Chester :  though  he  does  not  mention  the  rock  in  which  ii  occurs. 
I  mention  it  here  merely  because  mica  slate  is  the  predominant 
rock  in  Chester. 

If  andalusite  and  made  are  the  same  species,  then  the  most 
abundant  locality  in  Massachusetts  b  in  Lancaster,  in  clay  slate. 
But  the  mineral  which  has  been  generally  called  andalusite,  is 
most  abundant  in  Westford,  in  mica  slate.  And  I  am  happy  to 
state  that  numerous  specimens  can  be  obtained  from  thence.  It 
occurs  in  the  stone  walls,  from  a  hundred  rods  to  a  mile  east  of 
the  centre  of  the  village,  and  may  sometimes  be  found  in  distinct 
prisms,  greatly  resembling  specimens  from  Germany.  It  is  of  a 
reddish  color,  and  sometimes  the  masses  are  two  or  three  inches 
across.  Generally  they  are  accompanied  by  a  fibrous  mineral,  re- 
sembing  talc :  but  I  am  not  satisfied  as  to  its  nature. 

Schorl  is  not  common  io  mica  slate.  But  in  Norwich  I  found 
a  curved  specimen  of  this  rock,  nearly  a  foot  square,  enUrely  cov- 
ered with  prisms  of  this  mineral,  of  the  size  of  a  goose  quill,  and 
generally  acuminated-  The  specimen  was  weathered  so  as  to 
leave  the  schorl  in  bold  relief. 

Scapolite  is  found  at  Chester,  as  already  mentioned  ;  and  Dr. 
Emmons  in  his  Mineralogy  says  that  it  exists  <  in  veins  in  mica 
state,  associated  with  hornblende,  pyroxene,  and  garnet ;  but  the 
crystalization  is  generally  confused  and  indistinct.*  It  is  unneces- 
sary to  refer  again  to  other  localities  of  hornblende  and  pyroxene 
as*connected  with  mica  slate ;  except  to  say,  that  Dr.  Emmons  men- 
tions *  Middlefield,  Chester,  Hinsdale,  and  most  of  the  mountain 
towns  in  New  England,'  as  containing  sahlite  and  coccolite. 

Garnet  is  more  widely  disseminated  in  mica  slate  than  any  other 
mineral.  It  dififers  in  size  from  an  almost  microscopic  grain,  to  a 
crystal  of  two  inches  in  diameter ;  and  its  colors  are  generally  red- 
dish, but  sometimes  black,  even  approaching  very  nearly  to  me- 
lanite.  In  the  slate  containing  the  sappare  at  Chesterfield,  the 
reddish  garnets  are  very  numerous  and  sometimes  quite  large.  In 
the  amphibolic  aggregates,  the  garnets  are  usually  black.  In 
Plainfield,  Dr.  Porter  has  found  garnets  disseminated  in  quartz- 
Garnet  and  staurotide  are  usually  associated ;  as  at  Chesterfield, 
Middlefield,  and  Chester.  The  usual  form  of  the  crystal  is  a 
rhombic  dodecahedron,  which  is  sometimes  truncated  on  its  edges. 
The  mica  slate  formation  in  Williamsburg,  Middlefield,  Chester, 
Hinsdale,  Cummington,  Worthington,  Plainfield,  &c.,  frequently 
contains  crystals  of  epidote.  Generally  they  are  imbedded  in 
quartz,  and  frequently  associated  with  hornblende  and  augite.  Zo- 
isite,  now  regarded  by  able  mineralogists  as  a  species  distinct  from 
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epidote,  occurs  also  in  Goshen,  Hawley,  Middlefield,  Chester, 
Hinsdale,  Chesterfield,  Conway,  Windsor,  and  particularly  in  the 
north  part  of  Leyden,  in  large  quanties.  Indeed,  it  may  be  found 
scattered  over  nearly  every  part  of  the  Hoosic  mountain  range  of 
mica  slate  ;  and  on  the  same  range  as  far  northward  into  Vermont 
as  I  have  examined. 

In  the  stone  walls,  fifty  rods  west  of  the  residence  of  Gov.  Lin- 
coln in  Worcester,  several  specimens  of  Idocrase  were  found  a  few 
years  ago,  associated  with  massive  garnet  and  pyroxene.  It  was 
crystalized  in  right  rectangular  prisms,  truncated  on  the  lateral 
edges  so  as  to  produce  eight  sided  prisms.  There  can  be  little 
doubt  that  the  rock  containing  this  mineral,  belonged  originally  to 
the  mica  slate  range  of  Worcester  valley.  It  appears  from  Beu- 
dant's  work  on  mineralogy,  that  it  exists  in  mica  slate  in  Europe, 
although  generally  of  volcanic  orign.  As  the  Worcester  locality 
is  now  exhausted,  I  am  indebted  to  William  Lincoln,  Esq.  for  the 
specimen,  No.  765,  in  the  collection.  According  to  Dr.  Emmons 
the  same  mineral  occurs  in  Chester. 

The  latter  gentlemen  has  also  found  stilbite,  heulandite,  anal- 
cime,  and  chabasie,  with  hexahedral  calcarous  spar,  on  mica  slate 
in  the  same  town.  I  am  not  aware  that  these  minerals  (except  the 
last,)  have  before  been  found  in  this  rock;  although  stilbite  oc- 
curs in  the  Alps  in  granite  rocks.  But  the  others  are  confined 
almost  exclusively  to  trap  rocks  and  metalliferous  veins. 

The  mineral  called  anthophyllite,  which  some  able  mineralogists 
yet  consider  as  a  doubtful  species,  is  found  in  many  places  in  the 
Hoosic  Mountain  range  of  mica  slate.  It  occurs  in  fibrous  masses, 
or  imperfect  prisms,  imbedded  in  the  mica  slate.  In  Chesterfield 
it  is  associated  with  sappare  and  garnets.  In  Chester  it  is  connect- 
ed  with  pyroxene,  garnet,  and  staurotide.  It  is  found  also  in  Qlan- 
ford  in  abundance. 

The  mineral  called  Cummingtonite  from  its  locality,  ^Cumming- 
ton,)  is  thought  by  some  mineralogists  to  be  a  variety  ot  anthoph- 
yllite. Prof.  Dewey,  however,  who  first  described  it,  regarded 
it  as  a  variety  of  epidote.  It  needs  farther  examination.  It  is 
found  in  several  places  in  Cummington,  and  also  in  some  of  the 
neighboring  towns.  I  have  found  it  likewise  in  Warwick,  on  the 
east  side  of  Connecticut  river.  Dr.  Thomson  is  decidedly  of  opin- 
ion that  this  mineral  belongs  to  a  new  species  allied  to  the  kar- 
pholite. 

It  is  not  uncommon  to  find  a  small  quantity  of  sulphur  upon  the 
mica  slate  in  a  pulverulent  state,  and  proceeding  from  the  decom- 
position of  some  sulphuret.  But  thereSs  no  place  where  it  is 
found  in  suflicient  quantity  to  be  named. 

The  anthracite  and  graphite  which  I  consider  as  connected  with 
mica  slate    in  Worcester,  I  have   already  described.      Graphite 
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also  occurs  in  mica  slate,  west  of  Connecticut  river :  as  at  C  um- 
mington,  Chester,  Worthington,  be.  But  I  know  of  no  interest- 
ing localities.  The  magnetic  oxide  of  iron  exists  in  the  same  mica 
slate  range,  in  disseminated  octahedra :  as  in  Blanford,  Chester, 
&c.  Sulphuret  of  iron  is  met  with  likewise  in  the  same  situa- 
tion. In  Heath,  some  very  handsome  specimens  of  cubic  crys- 
tals have  been  found.  In  Hawley,  it  occurs  massive  in  consider- 
able quantity,  near  the  junction  of  the  mica  and  talcose  slate. 

On  the  top  of  a  mountain  in  Canaan,  Ct.  there  was  found,  twen- 
ty years  ago,  a  small  mass  of  native  iron.  The  mountain  is  com- 
posed of  mica  slate.  Several  years  ago  I  visited  the  spot  and  was 
led  to  the  conclusion,  that  probably  a  large  mass  of  this  mineral 
might  exist  there,  from  the  irregular  action  of  the  magnetic  needle 
in  the  vicinity.  A  full  description  of  the  spot  was  given  by  me  in 
the  14th  volume  of  the  American  Journal  of  Science.  In  the 
20th  volume  of  the  same  work,  it  has  been  suggested  by  Mr. 
Shepard,  that  the  recent  discoveries  in  regard  to  the  magnetic  po- 
larity of  rocks  and  mountains,  even  of  those  apparently  destitute 
of  iron,  will  explain  the  facts  which  I  observed  on. the  Canaan 
mountain,  without  supposing  a  mass  of  iron  within  it.  But  if  I 
understand  this  polarity  of  a  mountain,  it  affects  the  needle  more 
or  less  on  every  part  of  its  surface :  whereas  it  was  affected  on  the 
Canaan  Mountain  only  within  the  space  of  a  few  square  rods  of 
level  ground  near  the  top  ;  although  I  judged  that  the  whole  top 
embraced  hundreds  of  acres.  Hence  I  mfer  that  we  must  suppose 
some  local  cause  acting  there  on  the  needle.  And  why  may  not 
this  be  native  iron,  since  it  was  near  that  spot  where  veritable  na- 
tive iron  was  knocked  off  from  a  bowlder  ?  If  this  be  a  reasona- 
able  supposition,  it  would  certainly  be  very  interesting  to  have  it 
confirmed  ;  since  native  iron,  (except  the  meteoric,)  is  one  of  the 
rarest  of  minerals. 

One  mile  north  of  the  village  of  Worcester,  an  excavation  was 
made  several  years  ago  in  the  mica  slate  in  search  of  silver,  &c. 
as  already  described  in  the  first  part  of  my  Report.  It  is  impos- 
sible to  ascertain  at  present  how  wide  is  the  vein  that  was  explored : 
but  the  minerals  thrown  out,  and  lying  around  the  opening,  are 
arsenical  pyrities,  carbonate  of  iron  and  galena.  Sometimes  the 
arsenical  iron  is  in  distinct  crystals  in  quartz  ;  but  I  could  not  ascer- 
tain their  form.  A  little  west  of  the  village  of  Worcester,  these  same 
minerals  occur  in  the  stone  walls,  along  with  the  idocrase,  render- 
ing it  probable  that  this  last  mineral  originated  from  that  metallic 
vein. 

In  Sterling,  one  and  a  half  mile  southeast  from  the  village,  are 
two  excavations  in  the  same  mica  slate  as  that  at  Worcester :  and 
large  quantities  of  similar  ores  have  been  thrown  out.  Carbonate 
of  iron  is  most  abundant;  arsenical  iron  less  common.     Blende,  of 
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a  cherry  red  colory  is  found  there  in  considerable  quanUty ;  galena 
also  occurs,  which  is  argentiferous,  according  to  Dr.  C.  T.  Jack- 
fon.  Sulphuret  of  iron  exists  in  connection  with  the  ores  that 
have  been  mentioned,  and  pyritous  copper  also,  with  the  carbonate 
ci  iron.  Before  the  compound  blowpipe  the  blende  was  reduced, 
and  burnt  with  the  flame  peculiar  to  zinc,  throwing  off  the  white 
oxide.  Numerous  quartz  veins  traverse  the  carbonate  of  iron,  and 
a  considerable  quantity  of  red  oxide  of  iron  occurs  in  the  quartz, 

?robably  proceeding  from  the  decomposition  of  the  carbonate. 
%e  lamellse  of  this  carbonate  at  Sterling,  as  well  as  at  Worcester, 
are  yery  much  curved  and  commonly  reddish  white.  These  ores 
at  Sterling  constitute  beds  in  mica  slate,  whose  direction  is  several 
degrees  east  of  north,  corresponding  to  the  general  direction  of  the 
range.     The  dip  at  the  mines  is  60^  to  70^  west. 

The  above  ores  need  a  careful  analysis  :  for  it  is  well  known 
that  in  other  places  they  sometimes  contain  a  considerable  propor- 
tion of  silver  and  gold. 

The  micaceous  oxide  of  iron  described  in  the  first  part  of  the 
Report  as  in  Montague,  is  in  veins  traversing  mica  slate  and  gran* 
ite,  chiefly  the  former.  But  I  have  nothing  to  add  to  the  descrip- 
tion which  [  have  given  of  these  veins. 

Sulphate  of  iron  is  not  uncommon  in  small  quantities  on  the 
mica  slate  of  this  State. 

The  only  remaining  mineral  to  be  noticed  in  the  mica  slate  of 
Massachusetts,  is  the  red  oxide  of  titanium.  It  is  very  common 
along  the  eastern  margin  of  the  Hoosic  mountain  range  of  mica 
slate ;  occurring  in  four  or  eight  sided  prisms,  generally  striated 
and  often  geniculated.  It  is  usual  to  find  it  associated  with  zoisiie, 
as  at  Leyden,  where  numerous  specimens  have  been  found. 
Sometimes  it  penetrates  quartz,  and  sometimes  is  connected  with 
hornblende.  In  Shelbume  I  found  it  in  distinct  crystals  in  the 
mica  slate,  without  any  other  mineral.  I  have  found  it  likewbe  in 
Colerain  and  in  Conway.  At  the  latter  place  I  found  one  or  two 
geniculated  prisms,  more  than  an  inch  thick  ;  also  in  small  crystals 
having  the  primary  form,  that  is  a  right  square  prism.  It  is  found 
also  in  Williamsburg,  Chesterfield,  Middlefield,  &c.  In  Chester- 
field I  found  a  small  quantity  of  what  I  take  to  be  the  titanite,  or 
ferruginous  oxide. 

Specimens  of  the  greater  part  of  the  minerals  that  have  been  de- 
scribed above  will  be  found  in  the  collection  which  is  placed  in  the 
hands  of  the  government.  To  procure  every  one  of  those,  which 
have  been  described  as  occurring  in  the  State,  if  not  impossible, 
would  require  so  much  of  time  and  expense,  that  I  have  not  felt 
authorized  to  attempt  it  without  special  directions. 
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Theoretical  Considerations. 

The  prevailing  opinion  among  geologists  until  recently  has  been 
that  mica  slate  and  all  the  older  primary  rocks  have  been  depos* 
ited  from  a  chemical  solution  of  their  materials  in  water.  But  this 
opinion  appears  to  labor  under  insuperable  difficulties.  It  seems 
to  me  to  be  opposed  by  the  semi-mecbanical  character  which  some 
of  these  rocks  exhibit.  But  waving  this  difficulty,  it  is  impossible 
to  conceive  how  the  materials  of  all  these  rocks  could  have  been 
held  in  solution  by  all  the  waters  on  and  in  the  globe ;  since  the 
earths  that  form  them  are  scarcely  soluble  at  all  in  water.  Yet 
even  allowing  such  a  solution  possible,  by  what  unheard  of  chem- 
istry was  it,  that  so  many  distinct  minerals  as  enter  into  the  com* 
position  of  these  rocks,  or  occur  disseminated  in  them,  should  have 
been  crystalized  at  the  same  instant  ?  The  supposition  is  opposed 
by  all  that  we  know  of  the  crystalization  of  different  substances  ia 
the  laboratory  in  the  same  solvent.  For  they  crystalize  in  succes- 
sion, not  simultaneously.  But  we  know  that  the  melted  matter  of 
a  furnace,  if  slowly  cooled,  will  separate  into  different  coippounds,* 
and  the  same  result  takes  place  in  fused  basalts,  and  in  the  lava  of 
existing  volcanoes.  Surely  then,  it  seems  to  me  that  nature  and 
art  both  teach  us  that  analogous  cases  of  crystalization  in  the  rocks 
must  have  resulted  from  igneous  fusion.  But  on  the  other  hand, 
the  foliated  structure  of  the  stratified  primary  rocks,  proves  that 
water  must  have  been  concerned  in  their  formation  ;  and  that  thej 
could  never  have  been  in  a  state  of  complete  fusion.  I  am  b- 
dioed,  therefore,  to  the  theory  which  supposes  that  they  were 
originally  mechanically  deposited  from  water,  like  the  existing 
secondary  and  tertiary  rocks,  and  that  they  have  subsequently 
been  subjected  to  such  a  degree  of  heat  as  enabled  their  materials 
to  enter  into  a  crystalline  arrangement,  without  destroying  their 
structure.  That  the  two  things  are  compatible,  seems  probaUe 
from  the  change  of  bulk  produced  on  solid  bodies  by  slight  changes 
of  temperature,  showing  a  motion  among  the  particles ;  from  the 
changes  of  crystalization  that  sometimes  takes  place  in  solid  glass ; 
from  the  columnar  structure  assumed  by  certain  sandstones  when 
in  contact  with  trap  rocks ;  and  from  the  experiments  of  Dr.  Mao- 
cuUoch,  who  ^  proved  that  every  metal  can  completely  change  its 
crystalline  arrangement  while  solid,  and  many  of  them  at  very  low 

•  In  a  recent  visit  to  the  Dvottville  Glass  Manafactory  in  Philadelphia,  (May. 
1834,)  I  obtained  specimens  beautifally  illostrative  of  tnis  fact.  Theyconsistea 
of  a  green  transparent  ^lass.  which  contained  distinct  prismatic  crystals :  some 
of  them  more  than  an  mch  long,  and  nearly  white.  They  are  as  hard  as  fflsBB, 
and  have  a  lamellar  somewhat  pearly  aspect ;  but  their  nature  I  have  not  dieter- 
mined.  The  a^t  informed  me,  that  they  were  always  produced  when  the  re- 
sidaaiy  matter  m  the  furnace  was  slowly  cooled.  They  finely  illustrate  the 
mode  m  which  simple  minerals  might  have  been  produced  in  rocks. 


Digitized  by  VjOOQ IC 


348  Scientific  Geology. 

temperatures.'  *  This  theory  also  explains  why  it  is  that  the  pri- 
mary and  transition  rocks  become  less  and  less  crystalline  the 
higher  we  ascend  in  the  series  :  for  the  higher  they  are,  the  farther 
they  lie  from  the  source  of  heat.  This  theory,  however,  does  not 
suppose  that  all  cases  of  crystalline  structure  in  rocks  has  been  the 
result  of  fusion :  for  limestone  and  quartz  rock  might  have  been 
deposited  from  aqueous  solution.  But  if  we  suppose  the  source 
of  heat  to  be  in  the  interior  of  the  earth,  it  must  have  operated 
more  or  less  on  every  layer  in  the  earth's  crust ;  and,  therefore,  if 
this  theory  be  true,  probably  all  the  older  rocks  have  been  more 
or  less  modified  by  heat.  That  the  crust  of  the  globe  have  been 
subject  to  the  action  of  powerful  and  long  continued  heat,  it  seems 
to  me  no  one  acquainted  with  geology  in  its  present  state  can 
doubt. 

According  to  the  theory  just  described,  (I  have  not  space  fully 
to  defend  and  illustrate  it,  but  Dr.  MaccuUoch  has  done  it  in  his 
System  of  Geology,)  argillaceous  slate  is  nothing  but  shale,  which 
has  been  subjected  to  heat,  and  perhaps  increased  pressure  :  quartz 
rock  may  have  resulted  entirely  from  aqueous  deposition ;  or  it 
may  have  been  subsequently  indurated  by  heat.  Between  mica 
slate  and  micaceous  sandstone,  there  is  a  most  striking  aualogy  :  in- 
deed, it  is  no  easy  matter  to  distinguish  by  the  eye  between  the 
specimen  of  sandstone.  No.  177.  from  Northampton,  near  a  mass 
of  trap,  and  several  specimens  of  mica  slate.  The  same  is  true 
of  the  micaceous  sandstones  near  Turner's  falls,  which  are  also  in 
the  vicinity  of  trap.  The  supposed  origin  of  the  other  stratified 
primary  rocks,  I  shall  point  out  in  treating  of  them. 

As  to  the  elevation  and  dislocation  of  the  strata  of  rocks,  par- 
ticularly the  primary,  I  shall  say  more  in  another  place.  But  the 
manner  in  which  the  numerous  flexures  and  contortions  which 
their  laminae  present  were  produced,  deserves  consideration  in  this 
connection ;  for  these  are  more  common  in  our  mica  slate  than  in 
any  other  rock ;  not  even  excepting  gneiss. 

These  curvatures  may  have  been  produced  before  or  subsequent 
to  the  consolidation  of  the  rock.  I  have  already  pointed  out  the 
striking  resemblance  between  the  slightly  undulating  surface  of 
some  of  the  shales  in  the  new  red  sandstone,  and  the  gentle  ridges 
and  depressions  at  the  bottom  of  almost  every  large  river  and 
pond,  or  on  the  margin  of  the  ocean.  And  if  argillaceous  and 
mica  slate  had  that  origin  which  is  supposed  by  the  preceding  the- 
ory, the  analogous  irregularities,  so  frequent  on  the  surface  of  ar- 
gillaceous and  mica  slate,  may  be  referred  to  the  same  cause  as 
that  which  produced  them  on  the  shale. 

By  comparing  the  sections  which  I  have  given  of  flexures  in  the 

♦  System  of  Geology,  Vol.  I.  p.  190. 
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newest  tertiary  formation,  with  those  in  our  mica  slate,  it  will  be 
seen  that  the  latter  might  have  had  their  origin  in  the  former,  if 
we  admit  the  theory  that  has  been  advanped  of  the  origin  of  mica 
slate.  It  may  be  difficult,  indeed,  to  account  foir  these  flexures  in 
the  clay  :  but  that  they  were  produced  by  some  mechanical  force, 
and  not  by  igneous  agency,  I  think  it  most  manifest.  And  it  seems 
to  me,  that  a  power  which  is  adequate  to  the  production  of  the 
cases  which  I  have  described,  is  sufficient  to  account  for  a  large 
proportion  of  the  minor  flexures  and  contortions  existing  in  clay 
slate,  and  mica  slate  ;  although  I  am  not  aware  that  but  few  ex- 
amples similar  to  those  which  I  have  described,  exist  on  the  records 
of  geology. 

So  much  for  flexures  and  contortions  previous  to  the  consolida- 
tion of  the  rocks.  But  these  causes  will  not  explain  all  the  cases 
that  occur.  Sometimes  we  find  alternating  layers  of  quartz  in  the 
bent  laminae  ;  and  it  would  seem  that  the  rock  must  have  been 
soft,  when  such  flexures  took  place.  If  we  suppose  the  existence 
of  a  considerable  degree  of  plasticity  in  the  layers,  mere  gravity 
(if  the  laminae  were  in  an  inclined  position,)  would  have  produced 
flexures  in  them.  In  other  cases  the  force  which  elevated  the 
strata  might  have  operated  unequally  and  produced  a  similar  re- 
sult ;  though  as  I  shall  attempt  to  show  hereafter,  there  is  reason 
to  believe  that  this  force  sometimes  acted  laterally  rather  than 
from  the  interior  of  the  earth.  And  some  flexures  and  contortions 
are  explicable  only  by  supposing  such  lateral  pressure. 

Some  facts  lead  us  to  suppose  that  mere  moisture  operates  pow- 
erfully, deep  in  the  earth,  to  render  the  strata  flexible.  Some 
limestones  and  sandstones  exhibit  this  flexibility ;  and  even  gran- 
ite in  some  deep  quarries,  is  easily  impressible.  Hence  the  re- 
quisite plasticity  may  have  resulted  in  many  cases  from  water. 
But  if  the  primary  stratified  rocks  have  been  partially  fused,  we 
have  another  source  from  which  this  plastic  state  might  have  re- 
sulted. 


11.    TALCOSE  SLATE. 

I  shall  include  in  this  formation  the  three  rocks  represented  on 
the  Map  under  the  names  of  talcose  slate,  chlorite  slate,  and  steatite. 
My  principal  reason  for  adopting  this  arrangement,  is,  that  in  the 
works  of  some  of  the  ablest  mineralogists,  talc,  chlorite,  and  stea- 
tite, are  but  varieties  of  the  same  species :  and  when  mineralogists 
are  not  agreed  that  minerals  are  specifically  distinct  from  one  anoth- 
er, it  seems  to  me  improper  for  geologists  to  regard  those  minerals 
as  sufficiently  characteristic  of  different  rocks,  unless  such  rocks 
43 
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are  widely  dirersa  in  their  relative  situation  and  structure.  But 
in  the  district  under  consideration,  it  happens  that  the  rocks  men- 
tioned above,  are,  for  the  most  part,  obviously  members  of  the 
same  formation,  using  this  term  too  in  a  very  limited  sense. 

Dr.  Macculloch  describes  talcose  slate  as  differing  from  mica 
slate  only  in  the  substitution  of  talc  for  mica  :  that  is,  it  consists  e^ 
sentially  of  quartz  and  talc.  It  is  this  variety  that  constitutes  the 
principal  portion  of  talcose  slate  in  Massachusetts.  But  other  va- 
rieties, are  found,  as  the  following  description  will  show. 

Mineralogical  Characten. 

1.  Schistose  Talc.  This  variety  is  more  or  less  distinctly  folia- 
ted and  varies  in  color  from  blackish  green  to  very  light  green^  or 
greenish  white.  (Nos.  789  to  793.)  It  b  the  least  abundant  of 
any  of  the  varieties. 

S.  Steatite.  This  is  obviously  only  a  scaly  and  semi-granular  or 
partially  indurated  variety  of  talc.  <  We  see,'  says  Beudant,  <  by 
these  analyses,  (which  he  had  just  quoted,)  that  the  steatites  dif- 
fer from  talc  only  by  the  presence  of  water.  These  substances  , 
also  occur  together  and  in  precisely  the  same  geological  position. 
They  appear  even  to  mix  in  all  proportions,  and  in  some  suits  of 
specimens,  there  seems  to  be  a  passage  from  one  substance  to 
the  other.'*  These  remarks  correspond  exactly  with  the  steatite 
of  Massachusetts  ;  although  we  have  some  beds  of  steatite  which 
are  associated  with  but  a  small  quantity  of  foliated  talc.  But  in 
general,  these  beds  constitute  a  part  of  the  talcose  slate  formation. 

The  color  of  this  variety  is  usually  light  gray.  In  some  quarries 
however,  (as  in  Rowe  and  Zoar,)  it  is  a  delicate  green ;  and  in 
such  cases  the  rock  is  obviously  nothing  but  foliated  talc,  which  b 
so  compact  that  it  forms  a  fine  stone  for  economical  purposes.  In 
the  quarries  the  green  and  the  gray  varietes  alternate ;  although 
there  is  no  seam  between  them  ;  and  perfectly  sound  blocks  may 
be  obtained,  which  are  partly  gray  and  partly  green.  (Nos.  794 
to  805^ 

3.  Chlorite  Slnte.  Sometimes  this  variety  b  foliated  and  of  a 
dark  green  color ;  and  in  such  cases  I  know  of  no  means  of  dis- 
tinguishing it  from  talc,  except  perhaps  by  its  darker  color.  Gen- 
erally it  is  slaty  in  this  region,  and  very  minutely  scaly.  In  this 
case  it  probably  owes  its  slaty  structure  to  a  small  proportion  of 
quartz  which  it  contains.  But  the  chloride  slate  of  the  Hoosic 
mountain  range  is  remarkably  pure  ;  and  I  may  add,  remarkably 
regular  and  continuous  in  its  slaty  structure.  (Nos.  806  to  816.) 

4.  Quartz  and  Talc.  In  thb  variety  the  talc  is  usually  scaly, 
and  the  quartz  arenaceous.     Sometimes,  however,  the  latter  b 

•  Minera]ogie,  Tome  II,  p.  212. 
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coarsely  granular,  or  hyaline.  When  the  talc  predominates,  and 
the  quartz  is  in  minute  grains,  they  form  the  whetstone  slate. 
(Nos.  817to8d5. 

In  Smithfield,  Rhode  Island,  this  rock  is  extensively  quarried  for 
whetstones.  I  learn  from  Dr.  Webb,  that  the  number  annually 
quarried  at  this  place  and  sent  away,  can  hardly  be  less  than  5000 
dozen.  Indeed,  so  important  has  this  manufactory  become,  that 
the  General  Assembly  of  Rhode  Island  have  passed  an  act  to  reg* 
ulate  the  inspection  and  sale  of  the  whetstones.  It  is  not  true, 
as  stated  by  Mr.  Eaton,  that  all  our  whetstone  quarries  are  in  tal- 
cose  slate :  for  those  in  Norwich  and  Enfield  are  in  decided  mica 
slate. 

This  rock  is  employed,  also,  as  a  substitute  for  fire  bricks  in  the 
lining  of  furnaoes. 

5.  QuoftJT,  Taky  and  Mica.  This  variety  may  be  considered 
either  as  mica  slate,  which  takes  into  its  composition  more  .or  less  of 
talc,  or  as  talcose  slate,  containing  mica.  Probably  but  little  of 
our  talcose  slate  can  be  found,  that  does  not  embrace  a  small  pro- 
portion of  mica ;  but  talc  and  mica  often  resemble  each  other  so 
exceedingly,  that  it  is  very  difficult  to  say  whether  the  rock  is  tal- 
cose or  mica  slate.  I  have  felt  this  difficulty  most  in  relation  to  a 
considerable  part  of  the  slaty  rock  in  Berkshire  county.  And  al- 
though 1  have  there  marked  no  talcose  slate,  yet  I  hardly  expect 
that  all  geologists  will  follow  my  example.  (Nos.  826  to  831.) 

The  fourth  and  fifth  varieties  constitute  the  greater  part  of  the 
talcose  sfate  formation. 

6.  Talc  and  Carbonate  of  lAme.  Sometimes  talcose  slate  lies 
next  to  limestone,  as  in  Whitingham,  Vt.,  and  near  the  junctk>n 
of  the  two  minerals,  they  are  mixed  together.  But  the  variety 
is  hardly  worth  nammg.  (No.  832.) 

7.  TalCy  ^uarUj  and  Carbonate  of  Iron.  It  might  be  more 
proper,  perhaps,  to  describe  the  carbonate  of  iron  as  disseminated 
through  the  talcose  slate ;  though  the  iron  most  commonly  occurs 
in  the  variety,  No.  4.  And  this  mineral,  by  its  decomposition,  im- 
parts a  character  to  this  rock  which  will  be  noticed  every  where.  It 
abounds  in  spots  of  the  color  of  iron  rust,  and  this  is  particularly 
the  case  where  masses  of  quartz  exist  of  considerable  size.  If  I 
mistake  not,  it  is  in  this  decomposed  ca'rbonate  of  iron,  that  native 
gold  occurs.  (Nos.  833,  834.) 

8.  Talc,  ^uartZy  and  Hornblende.  The  latter  mineral  is  in 
distinct  though  imperfectcrystals  scattered  through  the  rock  ;  but  it 
occurs  in  such  quantity,  and  over  so  great  an  extent  of  country, 
that  it  seems  proper  to  make  this  a  distinct  variety.  It  is  found 
along  the  eastern  margin  of  the  talcose  slate  formation,  near  itt 
junction  with  the  mica  slate  in  Hawley  and  Plainfield  :  and  it 
sometimes  passes  into  distinct  hornblende  slate.  (Nos.  835^to  839.) 
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9.  TalCy  Feldspar,  and  Quartz.  This  variety  is  intermediate 
between  talcose  slate  and  gneiss';  and  differs  from  the  latter  rock 
only  by  the  substitution  of  talc  for  mica.  It  is  obviously,  howev- 
er, a  rock  more  mechanical  in  its  character  than  gneiss  ;  the  feld- 
spar existing  in  coarse  grains.  This  description  applies  particular- 
ly to  this  rock  in  Smithfield,  R.  I.  (No.  840.)  But  in  Hawley 
the  feldspar  is  scattered  in  crystalline  masses  through  the  rock, 
forming  a  distinct  porpbyritic  talcose  slate ;  (No.  841 ,)  and  it  is 
almost  destitute  of  stratification. 

Topography  of  the  Talcose  Slaie^ 

The  principal  deposit  of  thi»  rock  in  Massachusetts,  is  in  the 
midst  ot  the  mica  slate  of  the  Hoosic  mountain  range.  It  occu- 
pies a  very  elevated  portion  of  that  range,  and  is  there  obviously 
one  of  the  oldest  of  the  stratified  rocks.  1  have  traced  this  rock 
20  or  30  miles  into  Vermont,  where  it  is  associated  with  limestone 
and  gneiss  on  the  eastern  slope  of  the  Green  Mountains ;  and 
probably  it  extends  much  farther  north.  In  Massachusetts  it  is 
roost  perfectly  developed  in  its  characters  in  Hawley  and  Plain- 
field  ;  where  it  is  several  miles  wide.  Proceeding  southerly  this 
formation  becomes  narrower,  and  at  length  appears  to  terminate 
near  the  southern  part  of  Becket ;  at  least  I  have  not  observed  it 
farther  south,  and  between  Chester  and  Becket  it  is  only  a  few 
rods  wide,  alternating  with  mica  slate  and  hornblende  slate.  The 
chlorite  slate  forms  a  narrow  stratum  along  the  western  margin  of 
the  talcose  slate,  and  I  have  not  observed  it  quite  as  far  south  as 
the  talcose  slate.  But  northerly  1  have  traced  it  as  far  as  Whit- 
ingham,  Vt.,  although  1  have  not  seen  it  in  every  place  wljerq  I 
have  crossed  the  Hoosic  range.  But  being  a  remarkably  distinct 
stratum,  I  have  little  doubt  that  it  does  extend  as  far,  at  least,  as 
it  is  represented  on  the  Map,  and  that  it  is  continuous ;  since  it 
is  so  narrow  that  it  might  in  many  places  easily  be  hidden  by 
diluvium. 

I  can  have  but  little  doubt  that  this  stratum  of  talcose  slate,  like 
the  mica  slate  with  which  it  is  associated,  passes  laterally  into 
hornblende  slate  and  gneiss  :  but  I  have  nothing  further  to  add  to 
the  remarks  already  made  on  this  subject. 

Several  beds  of  steatite  are  connected  with  this  range  of  talcose 
slate  :  viz.  one  in  Marlborough,  Vt. ;  one  in  Rowe ;  one  in  Zoar ; 
one  in  Windsor;  one  in  Middlefield,**  and  farther  south,  nearly  on 
the  line  of  the  strata  prolonged,  we  find  a  bed  in  Blanford,  and 

•  I  have  just  been  informed  that  another  bed  of  steatite  has  been  opened  in 
Middlefield,  half  a  mile  south  of  that  noticed  in  Uie  text;  and  that  it  is  selling 
at  a  high  price.  The  specimen  sent  me  is  certainly  of  a  very  superior  quality, 
finer,  I  think,  than  any  I  have  met  with  in  Massachusetts.  (June,  1834.) 
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at  least  two  in  Granville.  The  bed  of  this  rock  in  Hinsdale,  that 
in  Cheshire,  and  that  in  Savoy,  1  have  not  visited  ;  but  as  the 
gneiss  and  mica  slate  of  that  region  frequently  pass  into  talcose 
slate,  not  improbably  they  are  connected  with  this  rock.  The 
bed  in  the  northwest  part  of  Windsor,  however,  I  know  from  ex- 
amination to  be  in  gneiss ;  and  perhaps  those  just  mentioned  are 
in  the  same  rock.  In  Zoar  we  find  mica  slate,  talcose  slate, 
steatite,  and  serpentine,  interstratified.  The  most  easterly  bed 
in  Windsor  appears  to  be  embraced  in  the  chlorite  slate.  That  in 
Middlefield  has  talcose  slate  on  the  east  side  and  hornblende  slate 
on  the  west.  That  in  Blanford,  one  and  a  half  mile  southwest  of 
the  meeting  house,  is  in  mica  slate ;  but  on  one  side  a  huge  vein 
of  granite  lies  in  contact  with  the  steatite.  The  bed  in  Smith- 
field,  R.  I.,  is  in  talcose  slate. 

With  respect  to  the  narrow  stratum  of  talcose  slate  marked  on 
the  Map  in  the  southeast  pan  of  Hampden  county,  and  passing 
through  Stafford,  Ct.,  Monson,  fac.  I  feel  quite  ignorant.  1  have 
satisfied  myself  only  that  it  lies  between  the  mica  slate  and  the 
gneiss.  The  specimens  will  show  that  it  produces  a  good  lining 
for  furnaces.  To  this  formation  1  refer  the  steatite  in  Soraers,  Ct., 
although  I  have  not  visited  the  quarry. 

Since  the  publication  of  the  first  edition  of  this  Report,  I  have 
received  from  Mr.  A.  B.  Cbapin,  of  Wallingford,  Ct.,  an  account 
of  the  position  and  mineral  contents  of  the  steatite  in  Soraers,  as 
well  as  important  additional  facu  relating  to  other  rocks  in  that 
vicinity,  which  will  be  given  in  the  proper  place,  and  for  which  1 
am  much  obliged  to  that  gentleman. 

*  The  talcose  slate,'  (steatite  of  Somers,)  says  he,  *  forms  an 
isolated  peak,  rising  to  a  considerable  height  above  tbe  surroundmg 
country,  dipping  from  20**  to  25**  to  the  northwest,  and  terminat- 
ing abruptly  at  the  southeast  end.         ^ 

The  edges  of  the  strata  crop  out  at  this  end  about  half  way 
down  the  mountain,  where  it  is  covered  by  soil.  Beforejarriving 
at  the  foot  of  the  hill,  a  dike  of  trap  stretches  along  nearly  per- 
pendicular to  the  line  of  dip,  rising  a  few  feet  above  the  ground. 

It  is  not  only  evident  that  the  talcose  slate'  (steatite)  •  rests  on 
trap,  but  also  probable  that  granite  rests  on  the  slate.  Granite 
or  gneiss  appear  on  the  surface  in  every  direction  from  the  talcose 
slate.' 

The  steatite  beds  marked  in  Shutesbury,  Wendell,  and  New 
Salem,  are  surrounded  by  gneiss  of  the  most  decided  character. 
That  in  New  Salem  contains  serpentine,  also,  of  a  black  color. 
The  bed  of  serpentine,  exhibited  in  Pelbam,  is  a  mixture  of  ser- 
pentine  and  talc ;  and  is  marked  as  serpentine,  only  because 
that  mineral  predominates. ;;[^  It  forms  a  bed  in  gneiss. 
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On  the  666th  page  of  the  first  edition  of  this  Report,  a  bed  of 
steatite,  just  discovered,  was  noticed,  as  occurring  in  Worcester. 
I  have  not  visited  it ;  but  it  is  found  in  the  southeast  part  of  the 
town ;  and  I  have  reason  to  believe  in  gneiss.  The  proprietors 
informed  me,  that  as  yet  they  have  explored  the  bed  only  about 
five  feet  in  depth.  The  specimens  (Nos.  403  and  1548,)  show 
that  this  is  the  most  beautiful  steatite  yet  discovered  in  the  State  ; 
and  should  the  bed  prove  to  be  a  ]ar)^e  one,  its  proximity  to  the 
Blackstone  Canal  will  render  it  of  high  value. 

The  bed  of  steatite  in  Groton  occurs  in  the  Worcester  range  of 
mica  slate.  But  its  situation  and  extent  have  been  described  in 
the  first  part  of  my  Report. 

In  Cumberland  and  Smithfield,  Rhode  Island,  two  strips  of 
talcose  slate  are  shown  on  the  Map,  separated  by  a  range  of 
granite.  I  am  not  sure  that  the  granite  will  be  found  extending 
uninterruptedly  through  these  towns,  as  it  is  represented  on  the 
Map.  But  in  crossing  that  region,  I  have  always  found  one  or 
two  large  beds  of  granite  or  sienile ;  and  probably  these  rocks 
exist  there  in  several  beds  in  the  talcose  slate  and  mica  slate. 
Yet  this  alternation  could  not  conveniently  be  shown  on  the  Map. 

On  the  west  side  of  the  granite  in  Smithfield  we  find  a  peculiar 
kind  of  mica  slate,  (No.  675,)  and  a  talcose  slate,  which  has  been 
already  described  as  a  whetstone  slate.  The  extent  of  surface 
occupied  by  this  variety — Which  is  well  characterised  talcose  slate 
— I  am  unable  definitely  to  state  ;  though,  it  cannot  be  but  a  few 
miles  in  any  direction,  unless  it  be  towards  the  southwest. 

In  the  east  part  of  Smithfield,  and  on  the  east  side  of  the  granite 
range  or  bed,  the  slate  is  often  distinctly  talcose  ;  especially  in  the 
vicinity  of  the  soapstone  quarry,  near  the  village  called  Maysville. 
But  as  we  cross  the  strata  towards  the  southeast,  the  characters 
become  very  obscure  and  perplexing.  In  one  place  the  rock  can 
hardly  be  distinguished  from  argillaceous  slate;  in  another  it 
greatly  resembles  gray  wacke  slate  ;  in  another  it  is  distinct  chlorite 
slate ;  and  in  another  it  becomes  hornblende  slate.  Epidote  too 
forms  an  ingredient  in  a  large  proportion  of  the  rock.  In  short, 
this  series  of  slaty  rocks  is  one  of  the  most  perplexing  with  which 
the  geologist  meets.  It  extends  over  nearly  the  whole  of  Cum* 
berland,  where  it  is  interstratified  with  quartz  rock,  and  is  suc- 
ceeded on  the  east  by  quartz  rock  and  gray  wacke.  The  strata  of 
all  these  rocks  run  nearly  northeast  and  southwest,  and  dip  to  the 
southeast.  Taken  as  a  whole,  I  am  inclined  to  denominate  the 
predominant  part  of  the  series  ialco-chloritic  slate.  Nor  can  I 
resist  the  impression,  that  the  whole  series  is  the  graywacke  slate, 
which,  by  the  agency  of  heat,  has  been  partially  converted  into 
argillaceous  slate,   talcose  slate,  chlorite  slate,  and   hornblende 
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slate;  the  beat  not  having  been  powerful  enough  completely  to 
accomplish  the  transmutation.  And  the  contiguity  of  granite  and 
sienite  would  furnish  the  heat  which  this  hypothesis  demands. 

But  whatever  may  have  been  the  origin  of  this  series  of  rocks, 
a  perusal  of  Von  Oeynhausen  and  Von  Dechen's  paper  on  the 
junction  of  the  granite  and  kilias  rocks  of  Cornwall,  in  England, 
bas  led  me  to  the  opinion,  that  they  greatly  resemble  the  kilias  of 
that  country.* 

The  bed  of  steatite  in  this  taIco*chlorite  slate  in  Smithfield,  is 
not  of  a  very  interesting  character  in  an  economical  point  of  view. 
That  which  is  gray  colored  is  so  filled  with  brown  spar  (?)  as  to 
be  almost  useless.  A  greenish  scaly  variety,  (chlorite  slate  ?^ 
however,  occurs,  which  is  interesting.  Fine  foliated  greenish 
talc,  also,  abounds  here.  Decided  chlorite  slate  is  likewise  abun- 
dant at  the  quarry  and  in  the  vicinity.  The  steatite  lies  about  half 
a  mile  west  of  Blackstone  river  and  of  Maysville. 

Dtp,  JHrectiofiy  and  Character  of  the  Strata. 

It  b  hardly  necessary  to  say,  that  this  rock  is  always  schistose 
in  its  structure ;  though  in  the  most  compact  soapstone,  both  the 
slaty  and  stratified  structures  are  nearly  obliterated.  Yet  iii  some 
portions  of  the  bed,  they  are  usually  visible.  In  both  these 
structures  this  rock  corresponds  very  nearly  with  mica  slate; 
except  that  the  former  is  less  contorted  than  the  latter.  Chlorite 
slate  is  particularly  remarkable  in  the  Hoosic  range,  for  the  even- 
ness and  beauty  of  its  layers,  comparing  in  this  respect  with  ar- 
gillaceous slate.  In  both  structures,  so  far  as  1  have  observed,  the 
dividing  planes  correspond :  and  I  have  never  noticed  a  double 
set  of  strata  seams. 

Dip  and  Direction  of  the  Strata  in  the  Hoosic  Mountain  Range. 

Direction.  Dip. 

Florida,  eastern  slope  of 

Hoosic  Mountain :  the 

talcose  slate  alternating 

with  mica  slate,  N.  and  S.  70«  to  W  East. 

Middlefield,  do.  lO""  to  80o  East. 

Flainfield,  Hawley,  Charie- 

mont,  Rowe,  Zoar,  Cum«- 

mington,  Chester,  (west 

part,)  and  Worthington,        N.  and  S.  nearly  90^  East. 

Somerset,  Vt.  (Iron  Mine,)  do.  20*  to  90**  East. 

Whitingham,  Vt.  (Limestone 

beds,)  N.  and  S.  30*  West. 


'  Philosophical  Magazine,  Vol.  V.  N.  S.  p.  161. 
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Rowe,  (north  part,)  E.  and  W.  Soutb^  small. 

Wbitingbam,  Vt.  (Chlorite  Slate,)  N.  and  S.  nearly  W  East. 

Peru,  (do*)  ^^*  perpeodicular. 

Windsor,  (do.)  do,    between  70<»  and  SO**  E. 

It  will  be  obvious  from  tbe  above  statements,  that  the  strata  of 
almost  all  this  deposit  stand  nearly  at  right  angles  to  tbe  horizon. 
Very  different  is  tbe  case  with  the  talcose  slate  in  Smithfield,  R.  I. 
lu  predominant  direction  is  nearly  S.  E.  and  N.  W.,  and  its  dip 
upon  an  average,  only  about  10^  to  15®  N.  E.  Indeed,  in  many 
places  it  is  nearly  horizontal.  The  talco-chloritic  slate  in  the 
east  part  of  Smithfield  and  Cumberland,  runs  generally  about 
15^  or  20®  west  of  south  and  east  of  north,  and  its  dip  is  20*  to  30® 
Southeast. 

The  bed  of  steatite  in  Groton  dips  to  the  southeast  at  an  angle 
of  about  30*. 

Mineral  Contents. 

This  rock  in  the  Hoosic  mountain  range,  must  be  regarded  as 
a  metalliferous  deposit.  Perhaps  the  most  important  metal  which 
it  contains  is  iron.  This  is  found  principally  in  two  places,  viz. 
in  Somerset,  Vt.  and  in  Hawley,  Mass.  Smaller  masses  have 
been  noticed  in  other  places ;  but  not  in  sufficient  quantity  to  be 
of  interest  in  an  economical  point  of  view.  At  all  these  localities, 
tbe  ore  is  found  in  distinct  beds  in  the  strata  ;  and  sometimes  it 
has  a  slaty  structure,  having  every  appearance  of  a  contemporane- 
ous origin  with  the  rock. 

I  have  already  remarked,  in  the  first  part  of  my  Report,  that 
the  iron  ore  in  Hawley  embraces  two  species ;  the  magnetic  oxide, 
and  the  micaceous  oxide.  Both  of  them  are  of  fine  quality.  The 
micaceous  oxide,  especially,  is  as  beautiful  as  any  which  has  been 
found  on  the  globe,  as  the  specimens  will  show.  (No.  844.)  This 
bed  does  not  occur,  as  is  usually  stated,  at  the  junction  of  tbe  tal- 
cose and  mica  slate  ;  but  two  or  three  miles  within  the  talcose  slate 
— that  is,  reckoning  from  its  eastern  margin. 

The  most  valuable  ore  at  Somerset  is  the  magnetic  oxide.  With 
this,  however,  is  associated,  often  in  the  same  bed,  the  hydrate  of 
iron.  Several  of  these  beds  occur  in  the  vicinity,  and  sometimes 
they  are  connected  with  dolomite.  The  magnetic  oxide  is  gener- 
ally granular,  and  often  easily  crumbled  into  powder,  which  posses- 
ses so  much  brilliancy  that  it  has  been  used  as  a  substitute  for 
smalt.  It  is  so  highly  magnetic  that  it  strongly  attracts  the  fragments 
of  the  ore  that  have  been  broken  off,  and  exhibits-  decided  polar- 
ity ;  so  as  to  form  very  fine  specimens  of  Uie  natural  magnet. 
(No.  845.) 
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I  have  been  recently  inrormed  by  Dr.  Holland  of  Westfield^ 
that  magnetic  oxide  of  iron  occurs  in  large  quantity,  probably  in 
talcose  slate,  in  the  northwest  part  of  Blanford.  The  specimen 
which  he  gave  me  is  very  free  from  earthy  impurities  and  highly 
magnetic. 

The  largest  mass  of  iron  ore  in  the  region  that  I  have  undertak- 
en to  describe,  occurd  in  Cumberland,  Rhode  Island.  It  is  chief* 
\y  the  magnetic  oxide,  and  lies  two  miles  northeast  of  the  centre 
of  that  place.  But  no  rock  is  visible  for  a  considerable  distance 
around  this  large  hill  of  iron.  Sienitic  granite  occurs,  however, 
Dot  far  remote,  in  one  or  two  directions,  and  so  does  talco-chloritic 
slate.  And  upon  the  whole,  my  belief  is  that  the  iron  is  connected 
with  the  latter  rock.  For  the  large  deposites  of  this  ore  in  other 
countries  most  frequently  occur  in  the  older  schistose  rocks,  and 
rarely  in  granite.*  In  Massachusetts  too,  no  mineral  is  so  widely 
disseminated  in  talcose  slate  as  magnetic  oxide  of  iron.         * 

A  part  of  the  Cumberland  ore  is  beautifully  porphyritic  by  the 
presence  of  crystalline  masses  of  white  feldspar.  In  another  por- 
tion we  find  a  mineral  disseminated,  which  appears  to  be  the  ferro- 
silicate  of  manganese.  Imbedded  nodules  of  what  appears  to  be 
serpentine  are  also  found  in  the  ore :  and  these  substances  proba- 
bly do  not  a  little  injury  to  the  ore.  For  I  was  told  it  did  not 
yield  more  than  25  or  30  per  cent  of  iron. 

In  the  first  part  of  my  Report,  I  have  given  a  full  account  of  the 
native  gold  found  in  connection  with  magnetic  oxide  and  hydrate  of 
iron  in  Somerset,  Vermont.  The  usual  gangue  of  the  gold 
is  the  hydrate  of  iron  :  but  whether  enough  of  the  metal  exists  in 
it  to  render  it  an  object  to  separate  the  gold,  has  not  been  deter- 
mined. Usually  quartz  exists  in  connection  with  the  hydrate  of 
iron.  This  is  porous  and  contains  the  hydrate,  and  exactly  resem- 
bles the  gangue  in  which  gold  has  been  found  in  the  Southern 
States.  For  comparison,  I  have  placed  specimens  from  Somerset 
and  firom  Virginia  in  the  collection.  (No.  848,  849,  850.) 

This  porous  quartz  and  the  hydrate  of  iron  are  very  common 
throughout  the  talcose  slate  of  Hoosic  mountain;  and  the  iron 
results,  if  I  mistake  not,  as  already  mentioned,  from  the  decompo- 
sition of  the  carbonate.  Whether  the  hydrate  at  Somerset  bad 
such  origin,  I  have  no  means  of  ascertaining ;  but  if  ever  gold 
should  be  found  at  other  places  in  this  formation,  I  predict  it  will 
occur  in  connection  with  this  hydrate  of  iron. 

Quartz  and  hydrate  of  iron  then,  appear  to  be  the  immediate 
matrix  of  the  gold  of  Somerset ;  and  talcose  slate  the  rock  in 
which  the  quartz  and  iron  are  contained.  It  is  rare  that  we  can  at 
once  trace  this  metal,  so  satisfactorily  to  its  original  bed.     But  so 

*  Beadant's  Mineralogie,  Tome  I.  p.  62S. 
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far  as  can  be  judged  by  specimens]  we  may  expect  that  such  will 
be  found  to  be  the  situation  of  the  gold  in  the  Southern  States. 
For  those  specimens  contain  quartz,  hydrate  of  iron,  and  talcose 
slate.  Nos.  (848,849,850.). 

The  geological  situation  of  the  Vermont  gold  corresponds  re- 
markably with  its  situation  in  other  countries ;  particularly  in  Bra- 
zil. It  is  described  as  occurring  there,  disseminated  in  a  rock, 
called  by  Al.  Bronainart,  SiderocrUte  {EisenglimMerscheifer  of 
Esdiwege,)  and  composed  of  quartz  with  the  specular  and  mag- 
netic oxides  of  iron.*  These  are  the  two  species  of  iron  ore  that 
occur  at  Hawley  :  and  it  ought  to  be  reccdlected,  that  in  the  vi- 
cinity of  the  iron  mine  in  that  place,  quartz  predominates  so  much, 
that  I  have  described  the  rock  as  a  variety  of  quartz  rock.  It  is 
said,  indeed,  that  the  siderocriste  is  connected  in  Brazil  with  mica 
slate.  But  in  the  rock  at  Somerset  mica  occurs :  and  I  am  by  no 
meanf  confident  that  some  geologists  would  not  regard  it  as  mica 
slate;  and  besides, the  mica  and  talcose  slates  are  interstratified 
and  otherwise  more  intimately  mixed  ;  so  that  I  am  disposed  to 
believe  that  the  formation  which  I  have  called  talcose  slate,  in 
Massachusetts  and  Vermont,  corrasponds  to  that  containing  gold 
in  Brazil,  as  nearly  as  could  be  expected  in  countries  so  remote. 
And  although  at  Somerset  the  gold  has  been  found  chiefly  in  the 
hydrate  of  iron,  yet  it  probably  exists  also  in  the  magnetic  oxide, 
and  not  improbably  in  the  micaceous  oxide  at  Hawley.  The  fer- 
ruginous breccia  that  covers  the  siderocriste  in  Brazil,  and  probably 
eontains  platina  and  diamonds  as  well  as  gold,  has  not  to  my 
knowledge  been  found  in  Vermont  or  Massachusetts ;  yet  it  may 
be  found  still,  as  very  few  researches  have  been  made  on  tbis  sub- 
ject. 

We  ought  to  guard  against  the  idea  that  all  gold  must  occur  in 
talcose  slate,  because  we  know  that  some  does ;  and  because  the 
happy  suggestion  of  Mr.  Eaton  on  this  subject  led  to  the  discovery 
of  that  at  Somerset.  For  veins  of  quartz  containing  this  metal 
traverse  other  rocks  in  France,  Peru  and  Mexico.  They  occur 
in  granite,  gneiss,  mica  slate,  argillaceous  slate,  and  talcose  slate.* 
Hence  we  may  find  it  in  all  these  rocks,  which  are  so  intimately 
associated  in  Massachusetts  and  Vermont. 

Another  interesting  ore  in  the  talcose  slate  of  the  Hoosic  moun- 
tain range,  is  manganese.  It  exists  in  beds  or  interstratified  layers 
in  the  slate,  precisely  like  the  ores  of  iron  above  described.  These 
beds  are  found  in  Plainfield,  and  several  of  them  oocur  near  one 
another,  at  two  principal  places,  which  are  represented  on  the 
Map :  that  is,  we  find  smaller  and  larger  beds  within  a  few  feet  or 

*  See  Tableau  des  Terrains,  &c.  p.  329:  Classification  des  Roches,  p.  83  :  and 
Dictionnaire  D'Histoire  Natarelle,  Art.  Or, 
t  Dictionnaire  D'Histoire  Natarelle,  Art.  Or, 
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rods  of  one  another.  These  beds  are  rarely  more  than  three  or 
four  feet  thick.  Their  surface  is  black  or  dark  gray,  apparently 
the  common  peroxide  of  manganese.  But  on  breaking  open  the 
the  mass,  we  usually  find  its  interior  to  be  of  a  beautiful  rose  red. 
This  ore  has  been.recendy  analysed  by  Dr.  Thomson,  and  found 
to  be  a  bi-sUicate  of  manganese.  In  the  stone  walls,  a  little  north- 
east of  the  meetinghouse  in  Cummington,  numerous  large  blocks 
of  this  ore  are  found,  which  were  probably  transported  thithe^  from 
the  beds  above  described,  by  a  diluvial  current  from  the  north  : 
though  to  reach  this  spot,  they  must  have  passed  over  a  deep  val- 
ley, through  which  a  branch  of  Westfield  river  now  runs. 

One  never  meets  with  this  bi-silicate  of  manganese,  which  is  not 
coated  over  with  the  black  oxide.  I  hence  infer  that  atmospher- 
ic agencies  produce  this  conversion.  As  the  bi-silicate  is  rare  in 
other  parts  of  the  world,  (indeed  Dr.  Thompson  regards  this  as  a 
new  species,  distinct  from  the  siliceous  oxide,  on  account  of  the 
double  proportion  of  silex  which  it  contains,)  its  great  abundance 
in  Plainfield  and  Cummington  is  a  matter  of  joy  to  mineralogists. 

Connected  with  the  bowlders  of  this  manganese  ore  in  Cum- 
mington, I  found  small  but  well  characterised  masses  of  carbonate 
of  iron. 

The  manner  in  which  the  above  ores  of  iron  and  manganese  oc- 
cur in  the  talcose  slate,  forbid,  it  seems  to  me,  the  supposition  some- 
what extensively  adopted  of  late,*  that  all  metallic  deposites  in 
solid  rocks  have  resulted  from  sublimation,  through  the  influence  of 
the  heat  produced  by  rocks  of  igneous  origin.  For  although  the 
layers  of  the  slate  are  nearly  perpendicular,  and  therefore  sublimed 
matter  might  easily  rise  to  fill  a  cavity  from  beneath,  yet  there 
seems  to  be  no  more  evidence  that  these  ores  were  thus  introduced, 
than  that  the  folia  of  the  slaie  had  such  an  origin ;  for  the  ores  as  well 
as  the  slate  are  distinctly  foliated,  and  often  both  are  intimately  m- 
termixed.  What  objection  is  there,  in  Such  cases,  against  regard- 
ing metallic  deposites  as  having  proceeded  from  solution  and  sus- 
pension in  water,  just  as  we  now  find  iron  and  manganese  forming ; 
and  subsequently  rendered  compact  and  crystalline  by  the  heat  of 
the  unstratified  rocks  ? 

In  the  beds  of  steatite  that  have  been  described,  several  mmer- 
als  of  interest  occur.  Foliated  bitter  spar  exists  in  almost  every 
one  of  them ;  especially  at  Middlefield,  Windsor,  Zoar  and  Marl- 
borough, Vt.  At  Middlefield  it  is  sometimes  three  or  four  inches 
in  diameter,  enveloped  in  masses  of  delicate  green  talc;  and  is 
either  white  or  of  a  salmon  color,  so  as  to  form  elegant  specimens, 
as  may  be  seen  in  the  collection.  In  Zoar  and  Marlborough,  and 
also  in  connection  with  the  serpentine  in  Newport,  R.  I.  the  col- 


♦  See  an  article  by  A.L.  Necker  Philosophical  Ma^zine,  Sept. 

Digitized  by  VjOOQ IC 


360  ScietUific  Geology. 

lumnar  variety,  called  miasite,  occurs.  In  Marlborough  and  New- 
fane,  Vt.,  are  found  also  those  insulated  rhombobedral  crystals, 
which  Mr.  Brooke  describes  as  a  new  species,  under  the  name  of 
carbonate  of  magnesia  and  iron.  In  the  rhomb  spar  of  Middlefield, 
sometimes  occur  tremolite  and  hepatte  sulphuret  of  iron.  The 
lignifonm  and  compact  varieties  of  asbestus  are  found  in  the  same 
steatite  bed.  They  exist  also  in  Zoar,  where  they  are  associated 
with  the  new  mineral  picrosmine.  At  the  soapstone  quarry  in 
the  east  part  of  Windsor,  has  been  found  a  small  quantity  of  chro- 
mate  of  iron  of  good  quality.  Sulphuret  of  molybdenum  is  said 
also  to  have  been  found  in  the  Middlefield  steatite  ;  and  the  vari- 
ety of  talc  called  nacrite,  occurs  half  a  mile  west  of  the  meeting 
house  in  that  town. 

No  mineral  is  more  common  at  these  steatite  beds  than  actyno- 
lite.  It  is  in  bladed  crystals,  long  and  slender,  yet  generally  very 
distinct,  being  mostly  six  sided.  It  is  found  at  Middlefield,  Wind- 
sor, Zoar,  &c.  But  the  finest  specimens  come  from  Blanford, 
Mass.,  and  Newfane,  Vt.  At  the  former  place  it  is  sometimes  in 
radiated  masses. 

It  has  been  already  stated  that  imperfect  crystals  of  hornblende 
are  sometimes  disseminated  in  one  variety  of  talcose  slate.  The 
finely  fibrous  hornblende  I  have  also  found  in  quartz  belonging  to 
this  same  rock.  But  the  most  remarkable  variety  of  this  mineral 
is  the  fasciular  variety.  The  laminae,  sometimes  three  or  four 
inches  long,  and  generally  more  or  less  curved,  are  disposed  per- 
pendicularly to  the  layers  of  the  slate,  so  that  their  edges  appear 
on  the  surface.  When  that  surface  is  light  colored,  as  in  Nos. 
864,  865,  the  distinctness  and  regularity  of  the  fasicular  and  sco- 
piform  groups  of  hornblende  are  very  striking.  I  am  disposed  to 
believe  this  to  be  a  variety  of  horblende  not  described  :  and  cer- 
tainly if  it  deserves  a  distinct  name,  none  can  be  more  appropri- 
ate than  fascicuKtey  under  which  I  long  ago  described  it  in  the 
American  Journal  of  Science. 

The  chlorite  slate  abounds,  throughout  its  whole  extent,  with 
distinct  crystals  of  octahedral  iron  ore.  They  exist  also  in  the 
common  falcose  slate,  but  not  so  frequently.  The  chlorite  slate  in 
Windsor,  also,  near  the  most  eastern  soapstone  quarry,  contains 
numerous  crystals  of  the  red  oxide  of  titanium,  imbedded  in  the 
feldspar,  or  rather  in  graphic  granite,  which  frequently  occupies 
the  seams  of  the  slate,  or  forms  small  irregular  masses  in  it.  But 
although  the  specimens  are  fine,  it  is  with  extreme  difliculty  that 
they  can  be  obtained.  It  is  a  fact  worthy  of  notice,  that  this  rock 
in  Scotland,  where  it  is  traversed  by  quartz  veins,  abounds  in  titan- 
ite ;  showing  a  very  great  similarity  in  the  causes  by  which  it  was 
produced  in  distant  countries. 

Blue  and  green  carbonate  of  copper  are  found  in  several  places 
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in  Cumberland,  R.  I.,  in  what  1  have  described  as  talco-chloritic 
slate.  The  same  rock  abounds  in  epidote,  sometimes  finely  crys* 
talline,  according  to  Dr.  Webb,  ^nd  I  infer  from  his  description, 
that  theyenite  associated  with  magnetic  oxide  of  iron,  is  contained 
ID  the  same  rock.  ^  The  steatite  of  Somers,'  says  Mr.  Chapin, 
who  will  be  again  referred  to  in  describing  ^  serpentine,  affords  a 
variety  of  minerals :  e.  g.  the  sulphurets  of  iron,  copper,  tin,  (ox* 
ide  ?  £.  H.)  and  molybdenum  and  virgin  sulphur  in  geodes.' 

Theoretical  Considerations. 

The  views  that  have  been  presented  relative  to  the  origin  of  mica 
slate,  are  applicable,  almost  without  variation,  to  talcose  slate. 
The  argunients  proving  that  water  must  have  been  the  earliest 
agent  in  the  production  of  mica  slate,  prove  the  same  of  talcose 
slate  ;  as  do  those  evincing  the  subsequent  action  of  a  high  degree 
of  heat.  To  what  circumstance  the  great  abundance  of  magne- 
sia in  the  talcose  slate  is  owing,  it  may  be  impossible  perhaps  ever 
to  determine.  But  its  presence  being  once  admitted,  it  is  easy 
to  conceive  how  talcose,  instead  of  mica  slate,  might  have  re- 
sulted. 

There  is,  however,  one  variety  of  talcose  slate,  which  occurs 
half  a  mile  west  of  the  meetinghouse  in  Hawley,  and  affords  an 
evidence  not  found  in  our  mica  slate,  of  the  action  of  heat  suffi- 
cient to  produce  an  almost  perfect  fusion.  I  refer  to  the  porphy- 
ritic  variety,  which  I  do  not  find  described  in  European  works.  It 
seems  to  me  that  everything  which  we  know  of  the  chemistry  'of 
crystalization,  forbids  the  supposition  that  the  porphyritic  structure 
can  ever  result  from  any  other  than  an  igneous  solution.  For  in 
what  laboratory  have  distinct  crystals  been  produced  in  the  midst 
of  a  mass  essentially  uncrystalized,  except  from  heat  ?  But  it  is 
well  known  that  the  porphyritic  structure  is  not  unfrequently  met 
with  in  rocks  whose  volcanic  origin  is  certain ;  even  in  the  products 
of  existing  volcanoes.  What,  then,  but  an  unreasonable  attachment 
to  hypothesis,  should  lead  us  to  impute  that  to  watery  solution, 
which,  so  far  as  facts  have  come  to  our  knowledge,  has  never  re- 
sulted but  from  igneous  solution  ? 

In  the  present  instance  the  almost  entire  absence  of  stratification 
and  a  slaty  structure  in  the  rock  referred  to  in  Hawley,  gives  ad- 
ditional probability  to  the  idea  of  its  having  been  once  in  a  state  of 
fusion. 


12.       SERPENTINE. 

Perhaps  there  is  no  rock  whose  true  nature  and  geological 
relations  are  so  little  known  as  serpentine.  Its  external  char- 
acters are  not,  indeed,  obscure ;    and  analysts  have  given,  prob- 
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ably  with  accuracy,  its  ultimate  elements.  But  is  it  an  altered  or 
unaltered  rock  ?  If  altered,  what  was  the  origioal  rock  ?  Is  it 
stratified,  or  unstratified  ?  primitive,  or  transitioD  ?  These  are 
questions  on  which*  geologists  are  not  yet  agreed.  The  Diction- 
naire  Classique  D'Histoire  Naturelie,  says,  that  serpentine  is '  prin- 
cipally situated  in  the  latest  of  the  primitive  rocks  and  in  the  in- 
termediate class.'  BroQgniart  doubts  whether  it  is  found  so  low  as 
the  primary  rocks ;  (ttmn'M  agalysiena ;)  and  he  says  that  *  no 
rock  of  this  group,  {Ter.  Plvt.  Ophiolithiquej)  exhibits  even  a 
tendency  to  stratification.'*  De  La  Beche  classes  it  with  the  un- 
stratified rocks.f  But  Dr.  MacuUoch  considers  it  as  sometimes 
stratified  and  sometimes  unstratified ;  and  accordingly  ennumerates 
it  in  both  these  classes  ;  f  and  also  as  a  venous  rock.  He  says, 
also,  that  it  occurs  in  connection  with  granite,  gneiss,  micaceous, 
chlorite^  and  argillaceous  schists.  His- account  c^  this  rock  corres- 
ponds most  nearly  with  its  characters  in  Massachusetts  ;  and  here 
if  I  mistake  not,  it  is  almost  always  stratified.  At  least,  the  ex- 
ceptions are  less  important  than  in  the  case  of  limestone ;  and 
since  I  have  placed  all  our  limestones  in  the  stratified  class,  I  shall 
do  the  same  with  our  serpentines.  In  almost  all  cases,  also,  our 
serpentines  are  connected  with  the  oldest  rocks ;  such  as  gneiss, 
mica  slate,  and  talcose  slate :  and  if  we  have  any  rocks  that  are 
primitive,  serpentine  is  one  of  the  number. 

Mxneralogical  Characters. 

1.  Compact  Serpentine,  This  embraces  two  mineralogical  vari- 
eties, the  common  opaque  serpentine,  and  the  translucent,  delicate 
green,  noble  serpentine.  They  are  of  various  degrees  of  hardness, 
and  their  fracture  is  sometimes  splintery,  sometimes  granular,  and 
sometimes  foliated-splintery.  The  colors  and  their  intermixture 
are  very  various.  (Nos.  870  to  885.) 

2.  Serpentine  and  Talc.  The  talc  is  either  foliated  or  in  the 
condition  of  steatite.  Often  it  is  very  obvious  that  the  specimen 
is  in  an  intermediate  state  between  serpentine  and  steatite.  In^ 
deed,  all  the  gradations  between  the-two  rocks  may  sometimes  be 
seen,  particularly  in  the  beds  of  serpentine  and  steatite  embraced 
in  gneiss,  in  Pelham,  Shutesbury,  and  New  Salem.  The  color  of 
the  rock  in  these  cases  is  quite  black.  (Nos.  886  to  893.) 

3.  Serpentine,  Talc,  and  Schiller  Spar  J  In  this  variety,  also, 
the  serpentine,  as  well  as  the  foliated  mineral  which  I  presume  to 
be  schiller  spar,  are  black ;  while  the  talc  is  green,  and  sometimes 
quite  brittle.  This  variety  occurs  only  in  Blanfordjj^Russell,  and 
Westfield,  so  far  as  I  have  observed.  (Nos.  894,  895.) 

♦Tableau  des  Terrains,  &c.  p.  350. 

t  Geological  Manual,  Second  Edition,  p.  487. 

t  System  of  Geology,  Vol.  3.  p.  197. 
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4.  Serpentine  and  Carbonate  of  lAine.  The  latter  mineral  in 
this  variety  is  white,  and  the  former  green,  or  black.  The  pro- 
portions in  which  they  are  mixed  is  very  various.  The  limestone 
is  generally  saccharoidal,  and  thus  this  rock  forms  the  Ophicalce 
Grenue  of  Brongniart,  who  refers  to  Newbury  as  one  of  its  local- 
ities. (Nos.  896  to  899.) 

Other  minerals  found  in  serpentine  sometimes  essentially  modify 
its  characters :  such  as  actynolite,  asbestus,  massive  garnet,  com-^ 
pact  feldspar,  &c.  :  but  such  varieties  are  hardly  worth  noticing 
in  this  connection. 

Topography  J  Stratification^  and  Associated  Rocks. 

Since  I  have  so  particularly  described  the  localities  of  our  ser- 
pentine in  the  first  part  of  my  Report,  it  may  be  practicable,  with- 
out confusion,  to  bring  together  all  that  I  know  of  its  stratification 
and  associations,  in  a  topographical  ordar. 

It  will  be  seen,  by  the  Map,  that  the  most  numerous  and  impor- 
tant beds  of  this  rock  occur  near  the  central  parts  of  the  (loosic 
mountain  range,  and  especially  in  connection  with,  or  in  the  vicin- 
ity of,  the  talcsoe  slate.  In  Windsor  are  two  beds.  The  most 
easterly  bed  is  only  a  few  rods  from  a  bed  of  steatite  ;  the  latter 
appears  in  the  hill  forming  the  south  bank  of  a  branch  of  West- 
field  river,  and  the  former  in  the  opposite  bank.  Both  the  beds 
are  obviously  interstratified  with  chlorite  slate,  not  far  from  the 
junction  of  this  rock  with  common  talcose  slate.  Its  color  is  a 
pleasant  rather  deep  green ;  its  structure  between  granular  and 
splintery ;  and  it  contains  small  disseminated  fragments  of  chro- 
mate  of  iron.  It  is  distinctly  stratified  ;  the  strata  running  north 
and  south,  and  standing  nearly  perpendicular;  which  is  the  usual 
dip  of  the  rocks  in  the  vicinity  ;  though  the  chlorite  slate,  a  few 
rods  east  of  the  serpentine,  dips  east  about  70^  or  80o.  Not  only 
is  this  serpentine  stratified,  but  I  observed  here,  as  well  as  in  the 
same  rock  in  the  west  part  of  Chester,  a  structure  which  might 
properly  be  called  schistose  ;  especially  where  the  rock  had  been 
weathered.  The  slaty  laminae,  however,  are  rather  thick  and 
irregular,  nor  do  they  extend  through  the  whole  bed. 

The  other  serpentine  locality  in  Windsor,  is  in  the  northwest 
part  of  the  town,  on  land  of  Samuel  Chapman.  It  occurs  at  the 
surface  only  in  large  bowlders  ;  though  1  cannot  doubt  but  it  exists 
in  place  beneath  the  diluvkrai.  The  rock  surrounding  it  is  gneiss 
alternating  with  mica  slate.  The  serpentine  resembles  that  in 
Zoar,  and  like  that  passes  into  steatite  so  insensibly,  that  the  eye 
cannot  distinguish  between  the  two  minerals  ; — and  specimens  may 
be  found  in  every  intermediate  degree  of  hardness.  But  the  ser- 
pentine greatly  predominates. 

The  situation  of  the  serpentine  in  Zoar,  is  similar  to  that  of 
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the  first  bed  in  Windsor,  just  described.  It  occurs  on  the  north 
side  of  Deerfield  river ;  and  the  lateral  edges  of  the  strata  are 
here  laid  bare.  They  consist  of  talcose  and  mica  slate,  with  green 
and  white  steatite  interstratified,  the  strata  being  not  far  from  per* 
pendicular.  As  nearly  as  1  could  ascertain,  there  are  several  beds 
of  the  serpentine  at  this  place :  though  the  numerous  fragments 
of  the  rocks  that  are  broken  and  mixed  along  these  clifis,  render 
it  difficult  to  determine  all  the  alternations.  It  may  be  of  conse- 
quence to  remark,  that  in  one  instance  at  least,  I  noticed  the  ser- 
pentine lying  next  to  the  steatite.  The  serpentine  at  this  locali- 
ty is  the  common  variety,  and  uniform  in  its  color;  but  of  a  lively 
green.  In  some  instances  there  is  a  mixture  of  the  serpentine 
with  the  steatite. 

In  Marlborough,  Vt.  a  little  north  of  the  limits  of  the  Map,  is  a 
very  extensive  bed  of  serpentine  ;  some  parts  of  which,  at  least, 
are  distinctly  stratified.  In  the  west  part  of  New  Fane  is  another 
bed,  in  which  I  do  not  recollect  any  marks  of  stratification  ;  thoagh 
it  is  several  years  since  I  visited  the  spot.  Other  large  beds  occur 
farther  north,  in  Vermont,  as  at  Grafton,  Cavendish  and  Wind- 
ham, and  they  are  found  in  a  continuation  of  the  same  talcose  and 
mica  slate  range  in  which  they,  exist  in  Massachusetts. 

The  most  northern  bed  of  serpentine  in  Middlefield  is  connected 
with  the  bed  of  steatite  in  that  place  already  described.  The  bed 
in  the  south  part  of  the  town  is  the  largest  in  Massachusetts  ;  be- 
ing from  four  to  six  miles  long,  and  perhaps  80  or  100  rods  wide. 
It  extends  into  the  west  part  of  Chester,  where  it  appears  on  tbe 
east  side  of  Westfield  river,  rising  to  the  height  of  300  to  400  feet ; 
and  is  succeeded  on  the  east  by  talcose  slate,  which  rises  still 
higher.  I  examined  this  rock  in  the  south  part  of  Middlefield, 
and  found  it  distinctly  stratified  ;  the  strata  running  a  little  east  oi 
north,  and  dipping  easterly,  from  70°  to  80° ;  corresponding,  in 
these  respects,  with  the  adjoining  strata.  On  the  west  this  bed  is 
succeeded  by  distinct  hornblende  slate,  both  in  Middlefield  and 
Chester.  In  the  latter  place  the  serpentine  is  stratified  with  a  good 
deal  of  distinctness,  and  exhibits  also  a  slaty  structure.  The  dip, 
corresponding  with  that  of  the  talcose  slate  on  the  east,  and  tbe 
hornblende  slate  on  the  west,  is  nearly  perpendicular ;  and  the  di- 
rection rather  more*  east  of  north  than  in  Middlefield.  Form- 
ing the  east  bank  of  the  river,  the  ledges  of  this  rock  seem 
to  have  suffered  much  from  abrading  agents  ;  and  the  surface  is 
much  broken  to  pieces  and  the  sides  very  steep. 

I  observed  the  FI0171  of  this  serpentine  ledge  to  be  rather  pecu- 
liar. It  abounds  with  the  sassafras  and  Prunus  borealis ;  tl^  for- 
mer of  which,  especially,  is  scattered  rather  sparsely  over  tbe 
neighboring  hills.  Polygala  paucifolia,  Saxifraga  pennsylvanica, 
and  Convallaria  bifolia,  I  noticed  also  in  great  quantities.    Ilex 
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canadensis  I  observed  likewise,  as  well  as  a  rare  species  of  Aren- 
aria.  Lichens  and  mosses,  however,  are  rarely  seen  upon  this  ser- 
pentine. 

Specimens  that  maj  be  called  noble  serpentine  do  occur  in  Mid- 
dlefield  ;  but  for  the  most  part  the  rock  is  the  common  variety,  of 
a  pale  green  color,  and  somewhat  foliated  structure,  abounding, 
however,  in  dark  spots  from  the  presence  of  chromate  of  iron. 

Following  the  direction  of  the  strata  southerly  from  Middlefield  a 
few  miles  into  Stanford,  we  come  to  the  bed  of  limestone,  discov- 
ered since  the  Grst  part  of  my  Report  was  finished,  and  which  I 
have  already  described.  Little  more  than  a  mile  north  of  this 
limestone,  and  about  five  miles  northwest  of  Blanford  meeting- 
house, on  the  old  road  to  Becket,  and  on  the  northeast  side  of  a 
pond,  there  exists  a  bed  of  serpentine  which  shows  itself  at  the  sur- 
face over  a  space  about  30  rods  in  diameter,  and  it  rises  30  or  40 
feet  above  the  general  level  This  large  bed  evidently  occupies 
the  same  geological  position  as  that  in  Middlefield  ;  for  the  horn- 
blende slate,  frequently  epidotic,  lies  in  immediate  contact  with  it 
on  the  west  side ;  and  though  no  rock  in  place  appears  on  the 
other  side,  yet  we  have  much  reason  to  believe  that  talcose  slate, 
or  talco-mk»ceous  slate,  exists  there.  Not  improbably  this  ser- 
pentine is  connected  without  interruption  with  the  Middlefield 
deposite.  This  would  make  the  whole  bed  ten  or  twelve  miles 
long. 

The  Blanford  bed  is  for  the  most  part  as  distinctly  stratified 
perhaps  as  that  at  Middlefield  ;  and  its  tendency  to  a  slaty  struct- 
ure I  think  more  distinct.  The  dip  and  direction  of  the  strata 
seem  to  correspond  to  those  of  the  hornblende  slate  in  immediate 
contact,  viz.  the  direction  north  and  south,  and  the  dip  east,  60^ 
to  70o. 

The  chromate  of  iron  mentioned  in  the  first  part  of  my  Report, 
is  the  roost  interesting,  and  indeed  the  only  mineral  that  I  noticed 
in  this  serpentine.  It  is  disseminated  through  the  rock  in  grains, 
and  also  forms  veins  or  tuberculous  masses  resembling  magnetic 
oxide  of  iron ;  being  black  and  granular,  or  compact.  But  1  judge 
it  to  be  chromate  of  iron  for  the  following  reasons.  1.  It  has  com- 
municated a  peach  blossom  color  to  small  portions  of  steatite  or 
takthatadhere  to  its  surface.  2.  The  color  of  its  powder  is  a 
dark  brown.  3.  It  is  not  magnetic.  4.  Fused  with  borax,  it  pro- 
duces a  beautiful  green  glass. 

Should  this  mineral  be  found  in  considerable  quantity  at  this 
place,  it  would  be  quite  important  in  an  economical  point  of  view, 
since  it  sells  in  market  from  40  to  ^60  per  ton.  I  am  inclined  to 
believe  it  disseminated  in  small  grains  through  nearly  all  the  ser- 
pentine of  the  Hoosic  mountain  range,  and  not  improbably  l^rge 
masses  of  it  may  be  found  in  various  places. 
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Since  the  publicatioo  of  the  first  edition  of  this  Report,  Dr.  H, 
Holland  of  Westfield>  has  examined  the  chroniate  of  iron  at  Blan- 
ford,  and  does  not  find  it  very  abundant.  But '  at  Chester,  north 
of  Blanford  about  five  miles,  I  have  discovered,'  he  says,  *  quite  a 
vein.  The  ore  is  more  compact  and  rich  than  that  from  Blanford, 
which  yields  only  about  80  per  cent,  of  chrome.  1  have  made  the 
chromate  and  bi-chromate  of  potash  and  lead,  and  intend  making 
the  pigment,  chromic  green  :  The  only  compound  of  chrome  that 
will  defray  the  expense  of  manufacturing,  even  if  the  ore  cost 
nothing.  This  ore  is  now  only  $35  per  ton,  stamped  and  made 
fine.'  These  statements  of  Dr.  Holland  are  fully  confirmed  by  spec- 
imens which  he  has  kindly  presented  to  me,  both  of  the  Chester 
chromate  of  iron,  and  of  the  beautiful  salts  which  he  has  obtained 
from  it.  I  cannot  but  hope  that  the  effi>rt  which  be -is  making  io 
this  manufacture  may  be  successful ;  and  I  am  confident  that  the 
one  will  be  found  abundant  in  most  of  our  serpentine  deposites. 

Four  or  five  miles  south  of  |his  bed  of  serpentine  in  Blanford, 
is  another,  not  more  than  40  to  50  rods  east  of  the  soapstone  quarry 
ore  and  a  half  miles  southwest  of  the. centre  of  the  town,  which 
has  been  described.  This  serpentine  is  in  mica  slate,  which  dips 
easterly  ;  and  it  is  distinctly  stratified.  There  is  nothing  striking 
in  its  appearance.     The  width  of  the  bed  is  several  rods. 

I  have  reason  to  suppose  that  another  bed  of  serpentine  exists 
in  the  eastern  part  of  Blanford,  though  I  have  found  only  bowl- 
ders. .  But  the  specimens  are  of  so  peculiar  a  character,  that  I  can- 
not refer  them  to  any  known  bed.  They  consist  of  green  serpen- 
tine, talc,  and  sometimes  schiller  spar  ?  (No.  892.) 

The  serpentine  bed  in  Westfield  is  in  mica  slate,*  whose  layers 
lean  only  a  few  degrees  to  the  west.  I  speak  here  of  the  roost 
southerly  point  of  its  appearance.  Here  it  is  about  four  rods  wide. 
It  occurs  near  the  junctbn  of  the  new  red  sandstone  and  the  mica 
slate.  This  mica  slate  contains  numerous  veins  and  protruding 
masses  of  granite  ;  and  one  mass  of  this  rock  lies  within  three  or 
four  feet  of  the  serpentine,  if  it  does  not  actually  touch  it.  The 
serpentine  is  distinctly  stratified ;  the  dip  and  direction  of  the  strata 
conforming  to  those  of  the  mica  slate.  Its  predominant  color  is 
black ;  but  it  contains  a  mixture  of  indurated  greenish  talc,  and  an 
amphibolic  mineral  of  a  gray  color.  (No.  893.)  A  considerable 
part  of  the  rock,  however,  contains  granular  carbonate  of  lime : 
or  rather  in  some  parts  of  the  bed  this  mineral  predominates,  and 
the  serpentine  is  disseminated  through  it  in  small  pieces.  (No. 
899.) 

Nearly  half  a  mile  north  of  this  spot,  serpentine  again  appears 
on  the  north  bank  of  Westfield  river  in  Russell ;  and  I  have  strong 
reasons  for  believing  it  to  be  a  continuation  of  the  bed  in  Westfield 
just  described.     The  rock  in  Russell  is  a  mixture  of  black  serpen- 
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tine  with  green,  the  latter  being  sometimes  very  compact  and 
traversed  by  veins  of  indurated  talc  (?)  or  Deweylite.  (?)  (No. 
885.) 

I  can  hardly  doubt  but  many  more  beds  of  serpentine  might  ea- 
sily be  discovered  in  the  Hoosic  mountain  range,  if  ever  it  shall  be 
ao  object  to  make  such  discoveries.  I  make  this  inference  from 
the  fact  that  I  have  found  some  of  those  above  described,  under 
circumstances  the  most  unfavorable. 

On  the  east  side  of  Connecticut  river  but  few  beds  of  serpen- 
tine have  been  found  in  Massachusetts.  That  marked  in  Pelham 
occurs  ID  the  southwest  part  of  the  town,  and  exhibits  itself  over 
an  area  of  only  a  few  square  rods.  One  may  doubt  whether 
this  rock  should  be  called  serpentine,  or  steatite :  for  these  two 
minerals  enter  into  its  composition.  In  general,  however,  the 
latter,  which  is  of  a  black  color,  predominates.  It  also  contains 
a  considerable  quantity  of  asbestus.  This  bed  lies  in  gneiss ;  al- 
though the  actual  contact  is  hidden  by  the  soil.  But  at  a  little 
distance  on  both  sides  this  rock  appears,  and  no  other  rock  occurs 
in  the  vicinity. 

The  steatite  marked  as  occurring  in  Shutesbury  appears  to  be 
passing  in  some  parts  into  black  serpentine ;  as  may  be  seen  from 
the  specimen,  No.  805.  At  the  steatite  bed  in  New  Salem  this 
change  is  still  more  decided,  so  that  large  blocks  of  what  must  be 
called  black  serpentine  are  found  there.  ^No.  890.) 

In  giving  an  account  of  the  limestone  lound  at  Newbury,  I  have 
mentioned  nearly  every  important  circumstance  respecting  the  ser- 
pentine of  the  same  spot.  It  occurs  there  in  veins  or  irregular 
masses  of  only  a  few  inches  in  diameter.  It  will  be  seen  by  the 
polished  specimens  that  several  varieties  at  this  locality  are  very 
beautiful ;  but  they  are  so  intersected  by  various  minerals  that  only 
small  pieces  can  be  obtained. 

At  one  of  the  limestone  quarries  in  Littleton,  I  observed  that 
small  masses  of  green  serpentine  were  disseminated  in  the  rock. 
(No.  489.)  At  Bolton,  also,  according  to  Dr.  Jackson,  it  occurs 
JO  considerable  quantity. 

The  only  remaining  deposite  of  serpentine  within  the  limits  of 
the  Map,  is  in  Newport,  Rhode  Island.  And  under  graywacke 
I  have  already  given  so  full  a  description  of  the  situation  and  char- 
acters of  this  rock,  that  any  thing  more  seems  unnecessary  in  this 
place.  From  that  account  it  is  obvious  that  this  serpentine  be- 
longs to  a  much  later  geological  epoch  than  any  which  I  have  de- 
scribed; probably  as  late  as  the  graywacke  ;  and  if  there  be  any 
example  in  the  region  embraced  by  the  Map,  where  the  ser- 
pentine occurs  in  a  vein  of  considerable  size,  Newport  is  the  lo- 
cality. 
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Mineral  Contents. 

Serpentine  bears  a  strong  analc^  to  steatite  in  its  mineral  oon- 
tents,  as  well  as  in  several  other  respects.  Nearly  all  the  simple 
minerals  that  have  been  described  as  existing  in  our  steatite,  occur 
also  in  the  serpentine.  The  beautiful  green  amianthus  of  New- 
bury has  already  been  mentioned,  and  the  asbestus  of  Pelbam ;  as 
well  as  the  amphibolic  mineral,  (probably  actynolite,)  in  Westfield. 
At  the  latter  place  well  characterised  actynolite  occurs  ;  and  ac- 
cording to  Mr.  Emerson  Davis,  anthophylite  adso.  Here  is  like- 
wise found  a  mineral,  occupying  a  vein  nearly  a  foot  in  width, 
which  has  been  called  petalite.  But  in  hardness  it  corresponds 
more  nearly  with  scapolite.  It  needs  farther  and  more  accurate 
examination.  At  the  same  place,  as  well  as  in  the  serpentine  at 
Newbury,  we  6nd  massive  garnet.  In  Russell,  in  a  supposed  con- 
tinuation of  the  West6eld  serpentine,  are  found  veins  of  amian- 
thus traversing  the  rock,  which  rock  verges  towards  a  mineral  that 
occurs  in  the  Middlefield  serpentine,  as  well  as  that  of  Newbury, 
and  has  been  denominated  Deweylite,  in  honor  of  Prof.  Dewey. 
Chalcedony  is  also  found  in  the  Middlefield  serpentine ;  and  it 
sometimes  passes  into  homstone.  Large  rolled  masses  of  these 
minerals,  sometimes  weighing  200  pounds  or  more,  often  agatized 
have  been  found  in  Middlefield  and  Chester,  which  probably  pro- 
ceeded from  some  serpentine  locality.  Dr.  Emmons  says,  that 
steatite  b  crystalized  distinctly  in  the  serpentine  at  Middlefield ; 
and  he  does  not  regard  these  crystals  as  pseudo-morpbous ; 
although  mineralogists  have  generally  considered  the  crystals  of 
steatite  as  such ;  and  Beudant  makes  a  distinct  variety  of  them 
under  the  name  of  pseudo-morphous  steatite.  The  crystab 
at  Middfefield  certainly  correspond  in  form  exactly  to  those  of 
quartz.  In  the  ser  pontine  of  that  place  drusy  quartz  occurs,  which 
is  extremely  beautiful.  In  the  serpentine  of  Newfane,  Vt.,  a  sim- 
ilar drusy  quartz  has  been  found  abundantly.  Here  also  occurs 
chrysoprase ;  and  sometimes  the  small  crystals  of  quartz  occu- 
pying the  cavities  of  the  rock  have  the  color  of  the  chrysoprase. 
At  the  same  place  General  Martin  Field  has  discovered  pimelite. 

Theoretical  Considerations. 

The  preceding  description  will  show  that  the  serpentine  of  Mas- 
sachusetts corresponds  essentially,  as  to  position  and  character, 
with  those  serpentines  in  Europe  that  are  connected  with  the  oldest 
rocks.  But  I  am  not  aware  that  any'  statements  which  I  have 
made,  will  throw  additional  light  on  the  obscure  subject  of  its  ori- 
gin.    From  the  statement  of  Dr.  Macculloch  *  and  De  La  Beche,t 

*  Edinburgh  Journal  of  Science,  Vol.  I.  p.  1. 
t  Manual  of  Geology,  p.  497,  Sd  edition. 
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as  to  the  connection  between  serpentine,  trap,  and  limestone,  one 
would  be  led  to  infer  that  the  first  mentioned  rock  might  have  re- 
suited  from  a  mixture  of  the  trap  and  limestone.  But  the  serpen- 
tine of  Massachusetts  does  not  favor  such  an  idea.  The  precious 
serpentine  of  Newbury  probably  lies  between  sienite  or  green-, 
stone  and  the  limestone ;  and  such  is  its  position  in  the  cases  de- 
scribed by  these  writers.  The  Westfield  serpentine  also  contains 
a  mixture  of  carbonate  of  lime,  and  in  one  or  two  other  beds  it 
may  be  found  in  small  quantity.  But  in  general  our  serpentines 
are  entirely  separated  from  limestone ;  and  in  respect  to  the  gneiss 
east  of  Connecticut  river,  containing  one  or  two  of  these  beds, 
the  whole  extensive  range  does  not  to  my  knowledge  embrace  a 
single  bed  of  limestone.  But  in  all  cases,  (except  perhaps 
that  at  Newport,)  our  serpentines  are  associated  with  talc, 
either  pure  and  foliated,  or  as  steatite,  or  chlorite  slate,  or  ,talc 
and  quartz.  The  two  minerals,  (talc  and  serpentine,)  are  inti- 
mately blended  together  and  pass  into  one  another  by  insensible 
gradations.  And  in  all  the  cases  described  by  the  writers  above  re- 
ferred to,  talc  was  present.  Is  it  not  natural  then  to  suspect  that 
serpentine  is  talc,  or  talc  serpentine,  altered  by  heat  ?  And  since 
the  talc  is  schistose  and  the  serpentine  massive,  the  latter  must 
must  have  been  produced  from  the  former.  In  some  cases  it  is 
easy  to  imagine  that  the  internal  beat  might  have  been  powerful 
enough  to  produce  perfectly  fused,  and  of  course  compact  serpen- 
tine, protruding  among  other  rocks  in  the  form  of  veins ;  while  at 
other  times  the  fusion  was  only  partial,  not  sufficient  to  destroy 
entirely  the  stratification.  The  great  similarity  in  the  chemical 
composition,  of  serpentine  and  talc  also  favors  the  idea  that  they 
bad  a  common  origin.  Both  are  composed  essentially  of  silex 
and  magnesia,  with  a  considerable  proportion  of  water.  What 
the  original  rock  could  have  been,  which,  with  one  degree  of  heat 
or  with  heat  applied  utider  certain  circumstances,  could  have  been 
converted  into  talc,  and  with  another  degree  of  heat,  or  with 
beat  applied  under  different  circumstances,  could  have  produced 
serpentine,  I  am  at  a  loss  to  imagine ;  though  we  do  find  talcose 
rocks  among  some  of  the  older  of  those  that  are  fragmentary. 
But  I  make  these  observations  with  little  expectation  that  they 
will  stand  the  test  of  observation.  It  may  be  found  that  serpen- 
tine has  been  produced  from  various  rocks,  which  contained  the 
necessary  ingredients.  But  that  heat  has  been  employed  in  its 
production,  cannot,  it  seems  to  me,  be  reasonably  doubted ;  nor 
that  it  b  a  metamorphic  rock.  And  these  facts  explain  at  once  all 
the  diversities  of  opinion,  respecting  its  stratification  and  relative 
age,  which  we  find  among  geologists. 
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13.  HORNBLENDE  fLATE. 

I  use  this  name  as  a  translation  of  Dr.  Macculloch's  Hornblende 
Schist ;  and  1  include  under  it  the  same  varieties  of  rocks.  These 
varieties  are  such  as  other  geologists  have  described  under  the 
names  of  hornblende  rock,  hornblende  schist,  primitive  greenstone, 
and  greenstone  slate  ;  all  of  which,  I  believe,  occur  in  Massachu- 
setts. In  reading  Dr.  Macculloch's  masterly  description  of  the 
primary  rocks  of  Scotland,  I  can  hardly  conceive  that  he  is  not  de- 
scribing those  of  New  England ;  so  perfect  is  the  correspondence. 
Hence  I  have  followed  that  geologist  in  describing  most  of  the 
primary  rocks ;  though  I  reject  some  of  his  distinctions.  But  upon 
the  whole,  I  know  of  no  geological  writer  who  will  compare  with 
him  in  treating  of  the  older  rocks.  I  can  by  no  means  say  the 
same  in  respect  to  his  account  of  the  newer  rocks.  For  he  obvi- 
ously endeavors  to  depreciate  the  value  of  an  accurate  knowledge 
of  organic  remains  found  in  the  secondary  and  tertiary  rocks ;  and  it 
is  but  too  evident  that  the  reason  is,  that  he  himself  can  make  no 
pretensions  to  distinction  in  this  department  of  knowledge.  As  to 
Dr.  Macculloch's  views  of  geological  theories,  also,  in  his  last 
work,  entitled  *  A  System  of  Geology,'  whatever  opinion  may  be 
entertained  of  their  correctness  as  a  whole,  I  think  no  one  who  care- 
fully examines  them,  will  hesitate  to  acknowledge  them,  every 
thing  considered,  as  remarkably  profound,  ingenious,  and  judicious. 
This  remark,  however,  ought  perhaps  to  be  limited  to  his  theories 
in  respect  to  the  primary  rocks,  for  the  reason  above  suggested.* 

I  have  thought  it  proper  to  make  these  remarks,  because  I  have 
so  often  in  this  Report  followed  the  opinions,  and  applied  the  the- 
ories, of  Dr.  Macculloch,  in  the  explanation  of  geological  phenom- 
ena. 

*  Ai^er  having  pablished  so  many  separate  geological  works,  and  so  many  sep- 
arate papers  in  me  periodicals  and  transactions  of  learned  societies,  which  were 
distinguished,  fof  the  most  part,  for  the  calm  and  dispassionate  manner  in  which 
they  were  written,  how  unexpected  to  find  in  this  last  work,  produced  in  mature 
years,  so  much  of  overweening  self-conceit,  so  much  of  rude  and  overbearing 
mtolerance,  and  of  low  jealousy  and  envy  towards  the  distinguished  school  of 

f  colonists  that  are  now  advancmg  the  science  with  unexampled  rapiditv !  While 
e  exhibits  the  principles  of  geology  with  a  clearness  and  power  to  w^ich  I  con- 
fess I  know  of  no  equal,  he  exhibits  also  a  bitterness  of  feeling  and  violence  of 
prejudice,  to  which,  I  had  almost  said,  I  know  of  no  parallel.  What  a  pity  that 
a  work,  which  might  have  gone  down  to  posterity  as  a  splendid  monument  of  the 
commanding  geological  ana  chemical  abuity  of  its  author,  and  have  proved  al- 
most the  '  Principia '  of  geology,  should  have  infused  into  it  so  much  of  the  leav- 
en of  depravity,  as  to  excite  disgust  in  the  reader,  strong  enough  to  destroy  almost 
every  feeling  of  respect!  Of  the  private  history  and  character  of  Dr.  Maccul- 
loch I  know  nothing.  His  geological  writings  alone  have  led  me  to  make  these 
remarks.  May  he  live  long  enough  to  publish  an  expurgated  edition  of  his  Sys- 
tem of  Geology,  and  thus  free  his  setting  sun  from  that  angry  fiery  cloud  in  which 
ilis  nowcveloped. 
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All  the  varieties  of  rocks  mentioned  above,  viz.  hornblende  rock, 
faorublende  schist,  primitive  greenstone,  and  greenstone  slate,  oc- 
cur, I  believe  in  Massachusetts ;  and  the  system  which  regards 
them  as  separate  formations,  and  some  of  them  stratified  and  oth- 
ers unstratified,  has  long  rendered  their  history  obscure  and  per- 
plexing. But  by  um'ting  them,  as  Dr.  Macculloch  has  done,  ^and 
regarding  them  as  mere  varieties  of  the  same  formation,  very  much 
of  this  obscurity  vanishes.  In  Massachusetts  their  characters  cor- 
respond with  those  given  by  the  writer  so  often  referred  to.  Al- 
though for  a  limited  space  the  hornblende  rock  and  the  primitive 
greenstone  appear,  without  close  inspection,  to  be  unstratified,  and 
wanting  in  a  schistose  structure ;  yet  the  unstratified  character  is 
▼ery  limited,  and  a  fresh  fracture  will  commonly  reveal  an  obscure 
slaty  structure. 

Mineralogical  Characters. 

•  1.  Of  Hornblende  ahne.  Sometimes  this  variety  is  laminar, 
and  sometimes  fibrous.  When  fibrous,  it  is  slaty  ;  when  laminar, 
DO  slaty  structure  can  be  perceived,  nor  any  stratification,  even  in 
beds  of  considerable  extent.  This  is  the  rock  that  has  been  some- 
times called  hornblende  rock.  (Nos.  914  to  928.) 

2.  Hornblende  and  Feldspar.  Generally  the  hornblende  is 
crystalline,  and  the  feldspar  foliated,  or  granular;  but  sometimes 
both  ingredients  are  compact,  and  this  mixture  forms  a  good  ex- 
aoiple  of  primitive  greenstone.  In  this  variety  there  is  usually 
little  appearance  of  stratification,  or  of  a  schistose  structure; 
though  this  is  not  generally  true  of  the  whole  bed.  And  some- 
times, as  in  Whately,  where  this  rock  often  assumes  a  columnar 
appearance,  a  schistose  structure  may  still  be  seen.  Sometimes 
the  feldspar  in  this  rock,  as  in  the  west  part  of  Northfield,  is  fine- 
ly granular,  or  even  assumes  a  pulverulent  appearance  ;  while  the 
hornblende  is  distinctly  crystalline.  When  the  ingredients  are 
both  crystidfine,  the  rock  furnishes  a  good  example  of  hornblende 
slate.  This  variety  is  usually  interstratified  with  gneiss  and 
passes  insensibly  into  that  rock.   (Nos.  929  to  951.) 

In  Whately  is  a  curious  variety  of  hornblende  slate,  in  which 
the  hornblende  is  light  green  and  the  felspar  white  and  compact. 
A  casual  inspection  would  leave  the  impression  that  the  rock  is  si- 
enite.  But  a  little  attention  shows  a  very  decided  slaty  structure. 
The  hornblende  also  predominates.  This  is  the  only  example  I 
have  met  with,  in  which  the  slaty  variety  contains  compact  feld- 
spar without  being  porphyritic.  (No.  947.) 

Associated  with  a  large  proportion  of  the  hornblende  slate  in 
the  vicinity  of  Connecticut  river,  is  a  variety  that  falls  under  the 
present  division,  that  is  most  decidedly,  and  sometimes  very  beau- 
tifully porphyritic.     The  feldspar  is  yellowish  white,  between  foli- 
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ated  and  granular,  although  sometimes  retainiog  the  form  of  the 
crystal  in  considerable  perfection.  The  hornblende  is  sub-crys- 
talline, and  in  the  greatest  quantity.  Sometimes  scales  of  mica 
are  present.  The  slaty  structure  may  usually  be  seen  in  this  va- 
riety, though  less  distinct  than  in  most  other  varieties  of  this  rock. 
There  is  scarcely  a  more  distinct  variety  of  porphyry  in  the  State 
than  this;  and  as  it  admits  of  being  smoothed,  and  probably  pol- 
ished, it  would  form  undoubtedly  an  interesting  ornamental  stone. 
It  is  more  common  to  meet  with  this  rock  in  rolled  masses  than  in 
beds  ;  and  hence  I  infer  that  its  beds  are  rather  limited.  (Nos.  944 
to  946.) 

I  have  found  a  remarkable  variety  of  this  porphyritic  hornblende 
slate  in  Canton  and  Easton,  near  the  Blue  hills,  and  also  in  Wal- 
tham,  in  rolled  masses.  Its  peculiarity  consists  in  the  feldspar  be- 
ing compact,  exhibiting  the  form  of  the  crystal.  The  feldspar  is 
white  and  the  schistose  structure  of  the  rock  distinct.  (Nos.  948  to 
950.)  Whence  this  rock  originated  I  am  unable  to  say  ;  though 
probably  somewhere  not  far  from  the  outer  limits  of  the  granite 
range,  which  lies  west  of  the  greenstone  and  sienite  around  Bos- 
ton, it  is  quite  obvious  that  this  rock  must  have  been  so  nearly- 
fused  as  to  destroy  the  foliated  structure  of  the  feldspar,  yet  with- 
out essentially  impairing  its  crystalline  form. 

3.  Hornblende  and  ^luirtz.  (Nos.  952  to  957.)  In  general, 
this  variety  probably  contains  some  feldspar  also.  The  hornblende 
in  a  crystalline  state  forms  the  principal  ingredient.  The  quartz  is 
granular.  The  rock  is  slaty ;  and  is  sometimes  traversed  by  veins 
of  quartz  or  granite.     It  does  not  form  a  common  variety. 

4.  HorfUflende^  Feldspar,  and  Mica.  This  approaches  to  gneiss: 
but  I  do  not  call  it  gneiss  when  the  hornblende  predominates. 
The  mica  is  usually  in  small  quantity,  and  the  feldspar  and  quartz 
sometimes  traverse  the  rock  in  numerous  minute  veins,  which  seem 
to  have  been  frequently  cut  off  and  shifted  by  one  another.  (Nos. 
958  to  963.)  ^ 

6.  Hornblende  and  Epidote.  This  latter  mineral  sometimes 
constitutes  so  large  a  proportion  of  the  rock,  that  I  thought  it  ought 
to  be  regarded  as  a  ccHistituent  of  one  of  the  varieties  of  horn- 
blende slate.  Generally  it  is  granular  and  disseminated  through 
the  rock,  giving  it  a  peculiar  green  tinge :  but  sometimes  it  is  im- 
perfectly crystalized  in  cavities,  and  sometimes  in  veins.  (Nos. 
964,  964  1-2,  965.) 

6.  Hornblende  and  Chlorite.  This  variety  is  rather  uncom- 
mon :  but  I  have  met  with  it  in  Whately,  Shelbume,  and  perhaps 
some  other  places.  Sometimes  it  passes  into  genuine  chlorite 
slate.  (No.  967.) 

7.  Actynolite  Slate.  This  is  found  in  gneiss  in  Shutesbury ; 
and  I  know  of  no  other  well  marked  locality.     It  occurs  near  the 
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mineral  well  near  the  centre  of  the  town.  The  rook  is  slaty  and 
is  composed  of  6brous  actynolite,  foliated  feldspar,  mica,  hornblende 
and  quartz,  arranged  somewhat  in  layers.  It  is  obviously  only 
gneiss  which  takes  into  its  composition  a  large  proportion  of  acty- 
nolite.  In  Belchertown  I  found  a  loose  specimen,  in  which  the 
actynolite  was  granular  and  in  large  quantity,  and  the  rock  was 
not  slaty.  (Nos.  968,  969.)  Since  the  ablest  mineralogists  now 
regard  actynolite  and  hornblende  as  the  same  species,  I  cannot  see 
how  Dr.  Macculloch  can  be  justiBed  in  making  a  distinct  rock  of 
actynolite  schist,  as  he  has  done.  It  certainly  can  lay  claims  to 
be  considered  only  as  a  variety  of  hornblende  slate. 

I  doubt  not  that  other  and  still  more  compound  varieties  of 
hornblende  slate  might  be  found  among  our  rooks  :  for  this  rook 
passes  by  imperceptible  gradations  into  almost  all  those  with  which 
it  is  associated.  Under  talcose  slate,  I  have  noticed,  for  exam- 
ple, a  variety  containing  hornblende,  which  might  as  well  have 
been  reckoned  in  this  place.  Under  mica  slate,  I  have  also  no- 
^ticed  an  amphibolic  variety,  in  which  the  hornblende  sometimes 
predominates. 

Topography  of  Hornblende  Slate. 

Every  deposite  of  hornblende  slate  which  I  have  examined  in 
New  England,  is  associated  either  with  gneiss,  talcose  slate,  mica 
slate,  or  quartz  rock.  The  small  patch  represented  on  the  Map 
in  the  vicinity  of  the  beds  of  limestone  in  Smith6eld,  R.  L,  is  ap- 
parently associated  with  talco-chloritic  slate ;  though  as  we  go 
westerly,  we  find  it  alternating  with  gneiss  :  indeed,  I  suspect  these 
three  rocks  are  sometimes  interstratified.  Much  of  the  hornblende 
slate  in  the  vicinity  of  the  lime  quarries,  is  decided  primitive 
greenstone,  and  greenstone  slate ;  and  it  also  passes  insensibly  into 
the  talco-chloritic  slate. 

Most  decidedly  associated  with  gneiss  is  the  range  of  hornblende 
slate  represented  as  extending  northeasterly  from  Grafton  to  Bil- 
lerica.  In  some  places,  as  at  Marlborough,  its  hornblende  charac- 
ter is  fully  developed,  and  it  there  becomes  as  nearly  greenstone 
slate  perhaps  as  any  rock  in  the  State.  But  generally  this  stratum 
is  more  or  less  intermixed  with  gneiss,  so  that  sometimes  one  sees 
only  traces  of  it.  Yet  as  I  usually  found  the  deposite  well  char- 
acterised in  the  region  where  it  is  marked,  I  thought  it  proper  to 
give  it  as  a  continuous  range  on  the  Map.  Generally  between 
this  hornblende  slate  and  and  the  granite  on  the  east,  the  surface 
is  composed  of  diluvium,  so  as  to  hide  the  junction  of  the  two 
rocks. 

Extending  from  Stafford  in  Connecticut,  to  Athol,  in  Worcester 
county,  the  Map  exhibits  another  narrow  stratum  of  hornblende 
slate,  very  similarly  situated  to  that  just  described.    I  have  met 
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with  Darrow  beds  of  this  rock  still  farther  north,  and  probably  it 
might  with  truth  be  extended  across  the  whole  State.  But  I 
saw  it  so  rarely  north  of  its  present  termination,  that  I  thought  it 
best  not  to  cany  it  across  the  State.  This  rock  is  generally  crys- 
talline in  its  aspect,  and  is  mixed  with  feldspar  and  quartz  in  coo- 
fiderable  quantity  :  being  obviously  in  nearly  all  cases,  but  a  vari- 
ety of  gneiss.  And  it  ought  here  to  be  remarked,  that  in  many 
other  places  in  the  broad  gneiss  range  of  Worcester  county,  the 
rock  takes  so  much  hornblende  into  its  composition,  that  it  prop- 
erly becomes  hornblende  slate.  Some  of  these  beds — ^as  in  Pel- 
ham — ^bear  a  closer  resemblance  to  ijinstratified  secondary  green- 
stone than  any  other  member  of  the  primary  rocks :  indeed,  I  do 
not  see  but  they  must  be  regarded  as  genuine  trap  rock ;  (No.  1111.) 
and  I  have  accordingly  placed  specimens  from  them  among  those 
of  greenstone. 

The  deposite  of  this  rock  in  the  west  part  of  Northfield,  north  part 
of  Gill,  and  east  part  of  Bemardston,  is  represented  as  in  contact 
with  mica  slate,  quartz  rock,  and  new  red  sandstone :  and  such  1 
believe  to  be  its  associations  ;  though  recent  examination  has  led 
me  to  suspect  that  gneiss  alternates  with  the  mica  slate.  The 
hornblende  slate  of  this  region  is  sometimes  slaty  ;  but  very  fre- 
quently it  is  decided  primitive  greenstone,  exhibiting  even  some- 
times a  passage  into  sienite.  In  some  parts  of  the  bed  no  marks 
of  stratification,  or  slaty  structure,  appear ;  but  they  are  almost 
uniformly  present  in  other  parts.  .  In  one  instance,  at  least,  a  vein 
of  white  fetid  quartz,  nearly  a  foot  wide,  traverses  this  rock.  This 
spot  is  on  the  road  from  Gill  to  Beroardston.  The  quartz  near  the 
ed|es  of  the  vein  contains  foliated  masses  of  feldspar. 

Four  other  deposites  of  hornblende  slate  are  represented  on  the 
Map,  surrounded  by  mica  slate,  in  the  western  part  of  Franklin 
county.  I  have  recently  ascertained  that  the  deposite,  which  ex- 
tends from  Colrain  to  Conway,  is  associated  with  a  limited  stratum 
of  gneiss,  whose  characters  are  fully  developed  in  the  east  part  of 
Buckland.  The  hornblende  slate  lies  principally  in  the  west  part 
of  Shelburne,  occupying  a  high  hill. 

In  respect  to  the  other  three  patches  alluded  to  above,  I  have  no 
remarks  to  make,  except  to  say  that  I  do  not  suppose  I  have  very 
accurately  marked  out  their  true  limits,  or  situation.  I  know  that 
in  the  vicinity  of  the  spots  where  they  are  marked,  I  have  re- 
peatedly found  hornblende  slate.  But  I  also  know,  that  nearly  all 
analogical  reasoningii  as  to  the  situation  of  this  rock  have  failed  me. 

About  one  mile  north  of  Whately  meetinghouse,  we  find  a  lim- 
ited deposite  of  hornblende  slate,  on  the  west  side  of  the  street, 
probably  succeeding  the  red  sandstone.  Passing  westerly  not 
more  than  100  rods,  we  cross  almost  every  variety  of  this  rock, 
that  has  been  named :  the  common  hornblende  slate,  which  pre- 
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flominates :  also  that  cootainingepidote^  which  is  frequentlj  divided 
into  rhomhoidal  masses  of  considerable  regularity:  then  we  come 
to  primitiFe  greenstone,  where  the  slaty  and  stratified  tendency 
begins  to  be  lost  in  the  trappose  or  columnar:  next  we  strike  the 
peculiar  variety,  already  described,  as  containing  white  compact 
feldspar :  finally  succeeds  mica  slate.  In  describing  sienite  I  shall 
refer  again  to  this  spot. 

The  strip  of  hornblende  slate  marked  along  the  eastern  margin 
of  the  gneiss  range  in  the  west  part  of  Hampden  county,  and  the  east 
part  of  Berkshire,  is  so  intermingled  with  the  gneiss  on  one  side, 
and  with  the  mica  slate  and  talcose  slate  on  the  other,  that  it  is  no 
easy  matter  to  fix  upon  its  true  position  or  extent  I  have  exhib- 
ited it  in  those  places  where  I  found  it  most  abundant.  But  view- 
ing it  rather  as  a  variety  of  gneiss,  I  do  not  regard  its  exact  situa- 
tion or  extent  on  the  Map  of  any  great  importance*  Traces  of 
this  same  rock  may  be  seen  all  along  the  eastern  margin  of  the 
talcose  slate  ;  and  in  Plainfield  and  Hawley,  it  is  not  uncommon 
to  find  examples  of  pure  hornblende  slate :  though  usually  the 
hornblende  forms  the  least  abundant  ingredient,  and  ought  perhaps 
to  be  considered  merely  as  crystalized  hornblende  disseminated 
through  talcose  slate* 

Some  of  the  hornblende  rock  in  Granville  and  Tolland  is  lam- 
inated, and  the  size  of  the  lamine  is  often  gigantic.  In  the  latter 
place,  half  a  mile  east  of  the  meetinghouse,  I  have  seen  imper- 
fectly prismatic  masses  not  less  than  a  foot  in  length  and  one  or 
two  inches  wide.  I  apprehend  that  this  hornblende  slate  m  these  * 
towns,  is  connected  with  the  extensive  ranges  of  that  rock  which 
one  crosses  in  passing  from  Lee  to  Becket.  But  I  am  so  doubtful 
about  the  true  situation  of  this  rock  along  the  western  part  of  the 
gneiss  range  in  Berkshire  county,  that  I  have  forebore  to  represent 
it  on  the  Map.  In  the  east  part  of  Lee  and  west  part  of  Becket, 
it  is  associated  with  augitic  gneiss :  and  both  these  rocks  are  obvi- 
ously varieties  of  gneiss. 

In  respect  to  the  gneiss,  hornblende  slate,  mica  slate,  and  tal- 
cose slate,  represented  on  the  Map  as  occupying  a  considerable 
part  of  the  Hoosic  range  of  mountains,  I  take  this  opportunity  to 
remark,  that  whoever  expects  in  passing  transversly  or  longitudin- 
ally over  this  region,  to  find  as  sudden  and  decided  changes  in  the 
rocks  as  are  shown  on  the  Map,  will  be  disappointed.  On  the 
Map  the  change  must  be  represented  as  sudden :  but  I  have  often 
travelled  for  miles  in  that  region,  in  great  uncertainty  what  rock 
prevailed.  In  such  cases,  one  can  give  the  line  between  different 
ibnnations  only  by  approximation. 
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Dip,  Direction^  ifC.  of  the  Strata. 

I  cannot  but  regard  the  hornblende  slate  of  Massachusetts,  as 
belonging  to  the  same  geological  epochs  as  the  gneiss,  mica  slate, 
and  talcose  slate  ;  that  is,  it  seems  to  me  they  were  all  produced 
by  essentially  the  same  causes,  and  during  the  same  periods  of 
time.  Hence  we  should  expect,  (if  this  opinion  be  correct,)  that 
the  dip  and  direction  of  the  strata  would  correspond  with  those  of 
the  strata  that  have  been  mentioned.  And  such  is  the  fact :  though 
upon  the  whole,  this  rock  approaches  more  nearly  to  verticality  in 
the  dip  of  its  strata,  than  any  other  rock  in  the  State ;  as  the  ibl- 
lowing  notes  will  show. 


Dbrwdon. 

Dip. 

WM196M, 

N.  and  S. 

70*"  to  WE. 

Beoket,  east  part, 

N.andS. 

flO" 

do.     west  part, 

N.  and  S. 

70"  to  80°  E. 

Gnaville,    -      - 

N.andS. 

90- 

Blanford,  north  part,    • 

N.  and  S. 

90o 

do.    northwest  part,    - 

N.andS. 

60*  to  70«  E. 

Rowe,  north  part. 

E.  and  W. 

South,  small. 

Chester,  west  part, 

N.  and  S. 

90°,  nearir. 

Shelburne,         ... 

N.  and  S. 

45°  to  90^  E. 

BemardsMn,  east  put,    • 

N.  and  S. 

50°  to  60"  E. 

If  onsoD  and  vicioitjr,  - 

N.  and  S. 

45°  to  70°  W. 

Westborough,        .        .        . 

N.E.  and  S.W.  50»  to  70o  N.  W. 

Marlborough,     ... 

N.E.  and  S.  W.  80"  to  90.  N.  W, 

Gumberiand,  R.  I. 

N.E.andS.W.40«S.E. 

Smkhfleld,  R.  I.,  lime  qoarties. 

S.E.  and  N.W.80'to45«  N.E. 

I  have  already  alluded  to  the  tendency  of  the  hornblende  slate 
to  divide  into  rhomboidal  masses.  I  have  observed  this  no  where 
so  distinctly  as  at  Whately.  There,  also,  the  masses  sometimes 
affect  a  columnar  form ;  (No.  038.)  though  perfect  columns  of  snj 
great  extent  are  rarely  the  result. 

This  rock  is  frequently  remarkable  for  the  numerous  and  com- 
plicated contortions  which  its  layers  exhibit,  often  rivalling  in  this 
respect,  mica  slate  and  gneiss.  Not  unfrequently  these  irregulari- 
ties apoear  to  be  increased  by  the  passage  of  granite  veins  through 
the  rock,  as  in  Granville. 

Mineral  Contents. 

So  far  as  it  has  been  examined,  no  rock  in  the  State  appears  to 
be  so  barren  of  interesting  minerals  as  this.  Garnets  are  perhaps 
the  most  common,  and  generally  they  are  of  a  blood  red  color — 
probabl  V  in  some  cases  the  pyrope.  In  Rowe,  epidote  occurs  in 
this  rocK  in  a  state  of  such  purity  that  it  deserves  to  be  mentioned. 
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In  Middiefield  and  Chester,  spliene  his  been  observed  in  it.  In 
its  cavities  also,  not  unfrequently,  as  in  Cbarlemont  and  Whately, 
I  have  noticed  tolerably  distinct  crystals  of  feldspar.  The  im* 
mediaie  gangue  of  the  plumbago  mine  at  Sturbridge  is  hornblende 
and  feldspar  ;  and  the  former  minerals  constitute  the  gangue,  to  a 
considerable  extent  at  least,  of  the  arsenical  cobalt  of  Chatham, 
Ct.  Red  oxide  of  titanium  I  have  abo  found  in  hornblende  in 
Leyden.  Other  minerals  will  undoubtedly  be  discovered  in  this 
rock,  upon  farther  examination.  Hitherto  mineralogists  have  paid 
very  little  attention  to  the  geological  situation  of  localities  in  our 
country. 

Hiearetical  C<m9iderati<ms. 

It  easy  to  apply  to  hornblende  slate  the  theory  which  imputes 
to  the  primary  rocks  an  origin  partly  aqueous  and  partly  igneous. 
For  it  is  a  very  fusible  rock,  and  may  hence  easily  be  conceived 
to  have  been  sufficiently  heated  to  enable  it  to  assume  the  crys- 
talline aspect,  which  it  almost  always  exhibits.  But  from  what 
rock  did  the  hornblende  slate  originate  ?  The  researches  of  Dr. 
Macculloch  appear  to  have  thrown  a  gleam  of  light  upon  this 
difficult  question,  *  As  far  as  a  single  fact  can  prove  such  a  case,' 
says  he,  *  the  origin  of  homUende  schist  from  clay  slate  is  com- 
pletely established  by  the  occurrence  in  Shetland  of  a  mass  of  the 
latter  substance,  alternating  with  gneiss  and  approximating  to 
granite.  Here  those  portions  which  come  into  contact  with  the 
latter,  become  first,  siliceous  schist,  and  ultimately,  hornblende 
schist ;  so  that  the  very  same  bed  which  is  an  interlamination  of 
gneiss  and  clay  slate  in  one  part,  is  in  another,  the  usual  alterna- 
tion of  gneiss  and  hornblende  schist.'*  In  another  place  he  says, 
'  it  would  appear  that  the  fusion  of  clay  slate,  whether  primary  or 
secondary,  is,  under  various  circumstances,  capable  of  generating, 
either  the  common  trap  rocks,  or  the  hornblende  schists :  nor  is  it 
perhaps  difficult  to  explain,  by  a  more  gradual  cooling,  and  conse- 
quently, a  slower  ciystalization,  the  particular  causes  which  may 
have  determined  the  latter  rather  than  the  former  e&ct.'t 

This  theory,  if  admitted,  explains  satisfactorily  the  approxima- 
tion of  hornblende  schist  to  unstratified  trap  rooks.  For  some 
portions  of  the  clay  slate  would  very  probably  be  so  entirely 
fused  as  to  obliterate  all  marks  of  a  stratified  and  schistose  struc- 
ture :  and  hence  by  slow  crystalization  might  result  hornblende 
rock  uid  primitive  greenstone. 

I  have  observed  no  facts  in  Massachusetts  very  decisive  in  re-: 
spect  to  this  theory.     But  since  granite  does  occur  in  connection 

*  System  of  Geology,  Vol.  I.  p.  810. 
^System  of  Geology,  Vol.  II.  p.  17L 
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with  some  portions  of  our  claj  slate,  1  doubt  not  but  such  may  be 
found  here.  I  bare  made  no  examination  on  the  subject  worthj 
to  be  named.  It  b  mj  opinion,  however,  from  what  I  know  of 
tbe  range  of  slate  extending  into  Vermont  and  New  Ham|»hire 
from  Franklin  countj,  that  m  those  states  would  be  the  most  likely 
places  for  such  &cts  to  be  developed.  The  passage  of  grajwacke 
slate  into  talco-chloritic  slate,  and  of  this  into  hornblende  slate  in 
Sm]th6eld  and  Cumberland,  Rhode  Island,  has  probably  also  a 
bearing  upon  tbb  theory. 

The  remarks  that  have  been  made  in  relation  to  porphyritic 
talcose  slate,  will  apply  with  still  more  force  to  that  variety  of  iiom- 
blende  slate  which  is  porphyritic  For  in  the  latter  case  this  struct- 
ure is  more  distinct  and  perfect  than  in  tbe  former.  And  tbe  the  more 
I  reflect  upon  the  subject,  the  more  satisfied  I  am,  that  a  porphy- 
ritic structure  must,  in  all  cases,  have  been  the  result  of  the  agen- 
cy of  heat 


14.   GNEISS. 

This  rock  occupies  more  of  the  surfiuse  in  Massachusetts  than 
any  other :  and  in  all  countries  of  much  extent  hitherto  examined 
it  is  one  of  tbe  most  extensive  of  tbe  formations.  Quartz,  mica, 
and  feldspar,  are  its  common  and  essential  ingredients ;  though 
hornblende  is  so  often  present,  that  some  writers  regard  its  claims 
to  be  considered  essential,  as  equal  to  those  of  the  other  three  min- 
erals. It  is  obvious,  therefore,  that  the  mineralc^cal  constitution 
of  this  rock  is  the  same  as  that  of  granite.  The  only  difference, 
mdeed,  consists  in  the  stratified' and  slaty  disposition  of  the  gneiss. 
This  character,  however,  sometimes  becomes  very  obscure ;  and 
then  it  is  almost  impossible  to  dbtinguisb  between  the  two 
rocks.  They  might,  therefore,  be  regarded  as  varieties  of  one 
another :  differing  only  in  the  mode  of  their  production,  as  in  the 
case  of  the  stratified  and  unstratified  limestones  and  serpentines. 
Little  advantage,  however,  would  be  gained  by  such  an  innovation  ; 
and  granite  and  gnebs  have  so  long  been  considered  as  classical  terms 
in  geology,  that  if  possible  they  ought  to  be  retained ;  lest  that 
neological  spirit,  which  vain  ambition  nourishes,  should  unsettle 
every  principle  of  the  science. 

The  gneiss  of  Massachusetts  corresponds  almost  exactly  to  that 
described  by  European  geologists,  particularly  by  Dr.  Macculloch. 
Our  gneiss,  however,  does  not  to  ipy  knowledge  alternate  with 
clay  slate,  as  it  does  in  Scotland.  I  am  inclined  also  to  believe, 
that  ours  exhibits  a  greater  regularity  of  stratification,  producing  a 
fine  rock  for  architectural  purposes. 
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Although  in  general  the  characters  of  gneiss  are  tolerably  dis- 
tiocti  yet  an  almost  infinite  variety  of  specimens  may  be  obtained, 
slightly  differing  in  the  color^  arrangement,  or  proportion,  of  the 
ingredients.  They  may,  however,  be  reduced  to  a  few  leading 
varieties. 

Mineralogical  Characters. 

1.  Chanitic  Gneiss.  (Nos.  972  to  992.)  I  suppose  this  va- 
riety to  be  the  granite-gneiss  of  Humboldt.  It  certainly  ap- 
proaches very  near  to  granite ;  and  in  hand  specimens  cannot  be 
distinguished  from  a  coarse  grained  variety  of  that  rock.  Even 
for  an  extent  of  several  yards,  we  can  sometimes  discover  no 
marks  of  a  schistose  or  stratified  structure ;  but  those  structures, 
at  least  the  schistose,  usually  appear  at  no  great  distance,  to  pre- 
vent our  regarding  the  rock  as  granite.  It  might,  indeed,  on  a 
superficial  view,  be  considered  as  a  vein  of  granite  in  gneiss.  But 
the  masses  will  be  found  too  irregular  for  such  a  supposition  ;  and 
often  they  are  bounded  on  all  sides  by  well  characterized  gneiss. 
It  would  explain  the  mode  in  which  this  rock  presents  itself,  to 
suppose  that  a  slaty  rock  was  once  in  a  state  of  partial  fusion, 
while  some  portions  of  it  were  perfectly  melted,  so  as  to  crystal- 
Mze  in  the  form  of  a  coarse  granite ;  the  principal  part  of  the 
mass  cooling  before  the  slaty  structure  was  entirely  lost.  In  trav- 
elling several  miles  I  have  sometimes  been  at  a  loss  to  decide 
whether  the  rock  were  gneiss  or  granite,  until  a  very  careful  exam- 
ination disclosed  a  partially  obsolete  parallelism  of  the  mica.  I 
tbink,  however,  that  there  is  a  slight  peculiarity  of  aspect  in  most 
of  the  granitic-gneiss  of  Massachusetts,  which  would  enable  me  to 
distinguish  it  from  genuine  granite  even  in  hand  specimens,  which 
were  totally  destitute  of  a  parallel  disposition  of  parts.  But  it  is 
difficult  to  describe  the  exact  nature  of  that  peculiarity. 

2.  Schistose  Gneiss.  (Nos.  993  to  1022.)  This  is  probably 
the  most  common  variety  of  our  gneiss.  The  structure  is  foliated 
like  that  of  mica  slate :  though  sometimes  granular  with  a  lami- 
nar tendency.  Some  of  the  best  quarries  in  the  State  I  regard  as 
belonging  to  this  variety.  It  passes  frequently  into  mica  slate  by 
the  disappearance  of  the  feldspar. 

3.  Ixminar  Crneiss.'  In  this  variety  the  different  ingredients 
occupy  distinct  layers.  ^  When  the  mica  is  black,  or  there  is  an 
interlamination  of  hornblende,  the  different  laminte  are  remarkably 
distinct  and  regular.  In  some  instances,  pertiaps,  thb  rock  may 
be  regarded  as  composed  of  alternating  layers  of  gneiss  and  mica 
slate,  or  hornblende  slate.  (Nos.  1023  to  1040.) 

4.  Porphyritic  Gneiss.  The  structure  of  this  variety  is  more 
or  less  slaty.     But  it  embraces  distinct  crystalline  masses  of  foli- 
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ated  feldspar.  Most  commonly  these  masses  are  somewhat  ovoid ; 
but  in  some  instances  they  present  the  regular  forms  of  the  crys- 
tals. The  color  is  sometimes  white  or  gray :  but  a  reddish  hue 
predominates.  Tbeimbedded  masses  vary  in  size  from  a  quarter 
of  ^n  inch  in  their  longest  direction,  to  two  inches  ;  and  they  some- 
times  constitute  the  largest  portion  of  the  rock.  This  variety 
sometimes  answers  well  for  architectural  purposes.  (Nos.  1041 
to  1050.) 

5.  Amphibolic  Gneiss.  I  thus  denominate  that  variety  which 
takes  a  small  proportion  of  hornblende  into  its  composition  :  not 
sufficient  to  form  hornblende  slate.  This  mineral  is  usually  dis- 
seminated in  black  foliated  masses,  from  the  size  of  a  pin's  head 
to  half  an  inch  in  diameter,  through  the  rock.  It  occurs  only  in 
the  vicinity  of  hornblende  slate.    (Nos.  1051  to  1054.) 

In  the  southeastern  part  of  Worcester  county  is  a  beautiful  rock, 
extensively  quarried,  which  I  refer  to  this  variety.  One  meets 
with  it  abundantly  in  Mendon,  Grafton,  and  the  south  part  of 
Worcester,  in  blocks  got  out  for  building ;  but  I  do  not  know 
where  are  its  quarries.  The  rock  appears  to  be  a  granitic  gneiss, 
composed  almost  entirely  of  quartz  and  feldspar,  through  which 
are  disseminated  numerous  black  crystalline  masses  of  hornblende, 
which  have  a  somewhat  parallel  arrangement.  This  parallelism  is 
almost  the  only  mark  by  which  I  distinguish  this  rock  from  gran- 
ite. It  might  with  propriety  be  termed  nenitic  gneiss.  (Nos.  983 
and  986.) 

Epidotic  Gneiss.  This  variety  usually  contains  hornblende  as 
well  as  epidote.  The  latter  mineral  is  very  frequently  in  vems 
and  generally  compact.  It  is  sometimes,  however,  disseminated 
through  the  rock,  giving  it  a  peculiar  green  tinge.  Were  this  not 
a  common  variety  of  gneiss,  especially  in  the  vicinity  of  horn- 
blende slate,  it  would  not  deserve  a  distinct  description.  It  is 
closely  allied  to  the  epidotic  hornblende  slate.  (Nos.  1053  to 
1061.)  When  the  epidotic  gneiss  happens  to  be  porphyritic,  it 
forms  a  beautiful  ornamental  stone.    (No.  1043.) 

7.  Augitic  Gneiss.  This  interesting  rock  is  usually  composed 
of  quartz,  feldspar,  and  lively  green  augite,  in  coarse  grains  or  par- 
tially crystalline  masses.  Occasionally  we  see  present  grains  of 
black  hornblende.  The  augite  seems  generally  to  have  taken  the 
place  of  the  mica.  The  augite  is  disseminated  in  various  propor- 
tions through  the  mass  and  the  slaty  structure  is  quite  indistinct. 
(Nos.  1062  to  1065.) 

8.  Anthophyllitic  Gneiss.  In  the  west  part  of  Enfield  and  in 
Belchertown,  antbopyllite  is  disseminated  through  the  gneiss  in 
such  quantity,  that  it  deserves  to  be  considered  an  ingredient  of 
the  rock,  if  it  be  proper  thus,  to  consider  amphibole,  epidote,  and 
augite,  in  the  three  preceding  varieties.     This  rock  is  composed 
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almost  entifely  of  feldspar,  quartz,  and  antbophjHitei  the  miea 
being  rarely  present.  (Nos^  1066,  1067. 

9.  Arenaceous  Gneiss.  I  have  found  this  rock  only  in  one 
well  marked  locality,  viz.  at  Southbridge,  Worcester  county  ;  but 
it  seems  to  me  sufficiently  peculiar  to  deserve  a  distinct  notice.  It 
is  composed  entirely  of  quartz  and  feldspar,  which,  (particularly 
the  latter,)  are  in  a  finely  granular  slate ;  embracing,  however, 
small  but  distinct  crystals  of  red  garnet  Between  Uie  layers  of 
the  rock  we  find  a  subsunce  which  approaches  to  talc*  This  rock 
is  quarried  and  is  employed  for  lining  furnaces.  (No.  1068.)  Per- 
haps it  ought  to  be  described  under  the  next  variety. 

10.  Tcdcose  Chuiss.  This  is  composed  of  feldspar,  quartz,  and 
talc ;  the  first  ingredient  in  the  largest  proportion.  Its  structure 
is  irregularly  schistose :  but  it  has  the  aspect  of  a  rock  formed  in 
part  by  mechanical  agency.  As  1  have  met  with  it  only  in  one 
place,  (between  Smithfield  and  Providence,  R.  I.)  and  did  not 
there  examine  it  carefully,  I  am  not  prepared  to  say  whether  it 
ought  to  be  regarded  as  the  Protogine  of  European  geologists. 
(No.  1071.) 

Topography  of  the  Gneiss. 

There  are  in  Massachusetts  four  separate  deposites  of  gneiss :  one 
in  the  Hoosic  mountain  range ;  two  in  the  central  parts  of  the 
State  ;  and  a  fourth  in  the  vicinity  of  New  Bedford,  in  Plymouth 
and  Bristol  counties. 

Hoosic  Mountain  Range. 

Under  mica  slate  I  have  already  given  a  general  description  of 
the  situation  of  this  gneiss,  and  the  reasons  that  lend  me  to  suspect 
that  it  passes  laterally,  or  in  the  direction  of  the  strata,  into  mica 
slate.  Throughout  nearly  the  whole  extent  of  Litchfield  county, 
in  Connecticut,  this  gneiss  range  is  most  distinctly  characterised. 
As  we  proceed  northerly  into  Massachusetts,  its  characters  become 
less  decided.  The  feldspar  is  less  abundant,  and  the  mica  more 
so ;  and  hornblende  frequently  abounds  in  it ;  so  that  viewed  on  a 
small  scale,  it  may  often  be  regarded  as  mica  slate.  Along  the 
eastern  slope  of  Hoosic  mountain,  the  rook  becomes  sooner  con- 
verted into  mica  slate  than  along  the  western  slope.  On  this  latter 
side,  indeed,  distinct  gneiss  continues  nearly  across  the  State,  as 
may  be  seen  on  the  Map  ;  and  I  am  by  no  means  sure  but  careful 
research  may  trace  it  entirely  across  the  State  ;  so  as  to  connect  it 
with  the  gneiss  that  appears  in  the  lower  part  of  Vermont,  along 
the  eastern  talus  of  the  Green  mountains.  At  any  rate,  th^t  Ver- 
mont gneiss  appears  distinctly  characterised  in  the  southwest  part 
of  Whitingham,  near  the  beds  of  limestone,  as  shown  on  the  Bfap ; 
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tod  from  iheoce  I  have  traced  it  as  far  north  as  the  Somerset  iroo 
mine.  Here  then  we  have  two  edge-shaped  ranges  of  gneiss^ 
with  their  acute  angles  towards  each  other,  while  the  space  be- 
tween them  is  occupied  by  mica  slate  and  talcose  slate ;  and 
sometimes  we  find  these  slates,  for  a  limited  space,  passing  into 
gneiss.  There  is  certainly  then  some  probability  in  the  supposi- 
tion that  all  these  schistose  rocks  may  belong  to  one  formation ; 
and  that  the  varieties  resulted  from  local  peculiarities  in  the  mode 
of  formation. 

In  passing  from  Becket  to  Lee,  we  cross  strata  of  decided 
gneiss,  till  within  three  or  four  miles  of  Lee,  when  the  rock  con- 
tains a  considerable  proportion  of  hornblende,  and  at  length  be- 
comes decided  hornblende  slate.  Still  nearer  to  Lee,  the  bom- 
blende  is  replaced  by  green  augite,  and  augitic  gneiss  hence  re- 
sults. Within  two  miles  of  Lee,  we  meet  with  limestone ;  which 
often  contains  a  mixture  of  augite ;  and  this  mineral,  being  decom- 
posed at  the  surface,  yet  projecting  beyond  the  limestone,  the 
whole  rock  exhibits  a  brown  and  very  rough  and  irregular  aspect ; 
exceedingly  like  similar  compounds  at  the  lime  quarries  in  Bol- 
ton, Boxborough,  Littleton,  &:c. — ^This  augitic  gneiss  certainly  de- 
serves a  more  thorough  examination  than  I  have  been  able  to 
give  it. 

In  the  western  part  of  this  gneiss  range  in  Connecticut,  beds  of 
coarse  saccharine  limestone  are  common.  But  I  have  never  been 
able  to  find  one  of  this  description,  in  Massachusetts;  though  I 
suspect  their  existence,  as  in  New  Marlborough. 

The  limited  patch  of  gneiss  marked  on  the  Map,  in  Buckland 
and  Shelburne,  lies  chiefly  in  the  ravine  through  which  Deerfield 
river  passes.  In  its  most  elevated  parts,  (as  on  the  western  slope 
of  the  high  land  in  the  west  part  of  Shelburne,  and  on  the  opposite 
side  of  the  river  in  Buckland,  on  the  stage  road  between  the  two 
bridges  over  Deerfield  river,)  this  rock  is  very  regular  in  its  stratifi- 
cation :  but  at  the  bottom  of  Deerfield  river,  at  and  below  Shelburne 
Falls,  it  is  the  granitic  gneiss,  almost  destitute  of  stratification,  and 
contuns  hornblende.  The  feldspar  here  is  in  small  proportion  ; 
and  some  of  the  rock  might  properly  be  denominated  quartz  rock. 

These  facts  have  led  me  to  inquire,  whether  the  greater  regu- 
larity of  stratification  in  the  higher  parts  of  this  deposite,  might 
not  proceed  firom  the  fact,  that  the  lower  parts  are  nearer  to  that 
igneous  power,  which,  according  to  the  theory  that  I  have  else- 
where explained,  has  partially  fused  some  portions  of  the  primary 
rocks,  and  entirely  fused  other  portions  ?  Here  the  upper  strata 
are  perfectly  regular  and  continuous:  but  as  we  descend,  we  find 
the  rock  approximating  nearer  and  nearer  to  unstratified  granite, 
yet  retaining  some  faint  traces  at  least  of  a  schistose  structure.  Is 
it  reasonable  to  suppose,  that  a  little  deeper  excavation  would  dis- 
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close  perfectly  well  characterised  granite  ?  The  light  which  I 
fancy  this  spot  throws  upon  theory,  is  the  most  interesting  circum- 
stance connected  with  this  deposite. 

Worcester  County  Gneiss. 

The  broad  ranges  of  gneiss  in  the  central  parts  of  the  State, 
which  for  distinction's  sake  may  be  called  the  Worcester  county 
ranges,  next  claim  attention.  That  range,  which  lies  west  of  the 
mica  slate  deposite  in  Worcester  valley,  extends  across  the  whole 
of  Connecticut  to  Long  Island  Sound  on  the  south,  and  probably 
through  all  the  western  part  of  New  Hampshire,  and  I  know  not 
how  much  farther  north.  The  most  elevated  point  of  this  range 
in  Massachusetts  is  Wachusett  mountain,  in  Princeton,  which  rises 
3000  feet  above  the  level  of  the  ocean.  This  is  a  remarkable  in- 
sulated peak,  nearly  twice  as  high  as  any  other  part  of  Worcester 
county.  Its  stratification  does  not  exhibit  much  of  that  irregular- 
ity, which  we  should  suppose  must  have  resulted  from  its  having 
been  elevated  so  much  above  the  surrounding  country  :  though  its 
stratification  is  certainly  very  obscure.  And  I  am  rather  inclined 
to  ascribe  such  an  origin  to  this  mountain,  than  to  suppose  the 
surrounding  country  to  have  been  once  equally  elevated  and  sul> 
sequently  worn  away  ;  since  the  rock  composing  it  possesses  no 
peculiar  power  of  resisting  disintegration  and  abrasion,  that  is  not 
possessed  by  the  gneiss  of  the  whole  range. 

I  would  repeat  here,  however,  a  remark  made  under  diluvium, 
that  the  gneiss  rock  of  Massachusetts  appears  to  be  peculiarly 
liable  to  disintegration ;  especiilly  where  it  abounds  in  sulphuret 
of  iron.  Hence  it  is  that  the  gneiss  region  of  Worcester  county 
furnishes  so  excellent  a  soil.  As  we  go  westerly  upon  this  range, 
and  get  into  the  limits  of  Hampshire  and  Franklin  counties,  more 
of  the  naked  rock  appears ;  and  the  soil  generally  is  much  poorer^ 
But  in  Worcester  county  generally  the  rock  appears  in  place  but 
seldom;  and  the  hills  are  much  rounded.  In  the  gneiss  region  of 
Hoosic  monntain,  that  has  been  described,  the  hills  are  generally 
steeper,  and  the  country  for  the  most  part  more  elevated.  The 
soil  also,  is  not  as  rich  or  deep  as  in  Worcester  county. 

I  have  reason  to  believe,  though  not  from  personal  examination, 
that  the  Monaduc  and  White  mountains  in  New  Hampshire,  are 
essentially  composed  of  gneiss,  and  insulated  in  a  manner  similar 
to  Wachusett :  being  in  a  continuation  of  the  same  range. 

Porphyritic  gneiss  prevails  extensively  along  the  western  mar- 
gin of  the  Worcester  county  gneiss  range,  in  the  town  of  North- 
field,  Mass.,  and  Winchester,  N.  H.  It  appears  also  very  con- 
spicuously on  the  high  hill  east  of  Ware  village.  This  is  one  of 
the  most  rocky  spots  in  the  State  ;  and  the  crystalline  masses  of 
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feldspar  are  here  uausually  large.  This  range  of  porpbjrritic 
gneiss  extends  northerly  through  Dana,  Petersham,  iic.,  lying  im* 
mediately  east  of  the  hornblende  slate  exhibited  on  the  Map.  It 
can  be  traced  south  from  Ware  also,  through  Palmer,  be.  Indeed, 
it  is  the  most  extensive  deposite  of  this  variety  of  rock  I  have 
ever  found.  It  appears  that  the  peculiar  causes  that  produced  it, 
operated  over  a  great  extent.  Judging  from  the  great  regularity 
of  the  rock  formatians  in  this  country,  I  predict  that  a  strip  of  it 
may  be  found  extending  northerly  from  Long  Island  Sound  as  &r 
as  the  gneiss  reaches. 

From  Hubbardston,  both  north  and  south,  to  the  boundaries  of 
the  State,  and  in  breadth  several  miles,  the  characters  of  the  gneiss 
are  greatly  obscured  by  the  iron  aspect  which  the  rocks  have  as- 
sunied  in  consequence  of  the  decomposition  of  pyrites.  The 
same  appearance  is  frequent  in  other  parts  of  the  range. 

Granitic  gneiss  abounds  in  various  parts  of  this  deposite :  but 
rather  more  I  think  in  the  southern  than  in  the  northern  part  of 
the  State.  In  the  west  part  of  Charlton,  for  instance,  and  so  oc- 
casionally all  the  distance  to  Brookfield,  one  is  often  at  a  loss 
whether  the  rock  be  gneiss  or  granite.  In  Uxbridge,  in  the  range 
east  of  the  mica  slate,  the  same  variety  abounds ;  and  still  more 
fifequently  on  the  east  side  of  the  Blackstone  in  Mendon. 

That  range  of  the  Worcester  county  gneiss  just  referred  to, 
which  extends  northeasterly  into  Middlesex  county,  posseses  some 
peculiar  characters.  In  another  place  I  shall  attempt  to  show, 
from  the  dip  and  direction  of  the  strata,  that  it  belongs  to  a  difier- 
ent  system  of  stratification  from  the  gneiss  west  of  Worcester  val- 
ley. But  I  refer  now  to  other  peculiarities.  One  is,  that  it  con- 
tains numerous  beds  of  limestone,  which  aro  entirely  wanting  in 
the  western  range.  Another  is,  that  it  passes  so  frequently  into 
mica  slate ;  the  two  rocks  often  alternating,  and  indeed,  in  some 
places,  the  slate  predominating.  Indeed,  it  would  not  be  strange 
if  some  future  geologist  should  regard  a  part  of  this  range  as  mica 
slate.  A  third  peculiarity  is,  that  it  abounds,  especially  towards 
its  northeastern  extremity,  in  veins  and  protruding  masses  of  gran- 
ite. 

I  have  found  it  very  difficult  to  determine  the  exact  eastern 
limits  of  the  gneiss  range  under  consideration.  I  mean  the  line  of 
its  junction  with  the  granite.  Much  of  the  gneiss  near  that  line  is 
mnitic,  and  of  course  difficult  to  be  distinguished  from  granite. 
In  some  places  the  beds  and  veins  of  granite  increase  in  number 
and  size  as  we  go  easterly,  until  at  length  the  gneiss  occupies  only 
a  small  proportion  of  the  surface.  Near  the  junction  of  the  two 
iiucks,  aJEX),  diluvium  is  very  abundant ;  which  increases  the  diffi- 
culty  of  fixing  their  limits. 
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New  Bedford  Gneiss. 

Od  the  Brst  edition  of  the  Map,  1  represented  a  deposite  of 
gneiss  extending  from  Rochester  to  Little  Compton :  but  subse- 
quent examination  has  rendered  it  doubtful  to  my  mind,  whether 
any  thing  more  than  small  insulated  patches  of  this  rock  are  to  be 
found  west  of  New  Bedford.  Gneiss  of  a  peculiar  character, 
does,  indeed,  appear  in  Little  Compton;  but  in  the  intervening 
siMce  I  have  never  met  with  any  rocks  in  place  but  granite ;  and 
this  rarely.  For  the  accumulation  of  diluvium  in  that  quarter  of 
of  the  State  is  very  great ;  and,  indeed,  the  towns  of  New  Bedford, 
Fair  Haven,  and  Rochester,  might  be  regarded  as  dilluvial  without 
impropriety ;  but  as  I  have  met  there  with  gneiss  in  some  instances, 
I  do  not  hesitate  to  represent  a  deposite  of  gneiss  in  those 
places;  being,  however  much  in  doubt  as  to  its  actual  limits. 

Almost  all  the  varieties  of  gneiss  that  have  been  described,  may 
be  found  in  the  vicinity  of  New  Bedford.  In  that  place  it  is  schis- 
tose, and  passes  into  mica  slate.  There,  too,  we  find  a  beautiful 
variety  of  porphyritic  gneiss  in  bowlders  ;  the  masses  of  feldspar 
being  flesh  red  and  about  the  size  of  a  hazle  nut. 

Schistose  and  Stratified  Structure :  Dip  and  Direction  of  the 

Strata. 

In  no  rock  in  the  State  are  the  slaty  and  stratified  structures  so 
distinctly  marked  in  the  same  rock,  as  in  gneiss.  The  strata  are 
usually  thick ;  and  where  no  local  cause  of  irregularity  exists,  re- 
markably even  and  continuous.  Hence  the  facility  with  which 
the  quarrymen  cleave  out  slabs  of  gneiss,  20  or  30  feet  long,  and 
half  as  many  wide.  But  these  same  slabs,  when  dressed,  often 
exhibit  a  schistose  structure  of  remarkable  irregularity, — ^the  1am- 
ime  being  much  bent  and  composed  of  different  ingredients,  so  as 
to  give  to  the  rock  the  appearance  of  a  variegated  or  clouded 
marble.  The  underpinning  of  most  of  the  buildings  in  Amherst, 
particularly  of  the  village  church,  exhibits  this  appearance  most 
strikingly.  The  rock,  however,  will  not  cleave  in  the  direction 
indicated  by  these  contorted  layers,  any  easier  than  in  other  di- 
rections. And  hence,  in  strictness  of  language,  it  ought  rather  to 
be  regarded  as  a  foliated  than  a  schistose  structure.  Hence,  too, 
this  structure  does  not  injure  the  rock  for  architectural  purposes. 

The  following  sketch  exhibits  a  very  striking  case  of  this  foli- 
ated structure,  as  it  is  developed  on  the  surface  of  a  bowlder,  sev- 
eral feet  square,  lying  by  the  side  of  the  road  in  Colebrook,  Con- 
necticut ;  a  few  miles  south  of  the  Massachusetts  line.  These 
curvatures  are  much  larger  than  is  usual  and  more  distinct.  They 
appeared  to  be  entirely  independent  of  the  stratification. 
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Curvatures  in  the  Folia  of  Qneiss :  Colebrook,  GL 

These  cur\ratures  are  not,  however,  confined  to  the  laminae  of 
gneiss,  but  are  sometimes  seen  in  the  strata.  About  one  mile  be- 
fore reaching  the  meetinghouse,  near  the  centre  of  New  Marlbor- 
ough, on  the  south  side  of  the  road,  the  traveller  will  see  an 
overhanging  ledge  of  stratified  gneiss,  dipping  from  40**  to  50® 
east,  whose  edges  are  bent  as  in  the  annexed  sketch.  The  whole 
length  of  the  strata  here  exhibited,  (from  A  to  JS,)  is  12  feet ;  and 
their  breadth  about  four  feet.     This  ledge  has  been  described  by 


Curved  Strata  of  Gneiss :  New  Marlboroufi:h. 
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Prof.  Dewey,  under  the  name  of  mica  slate  ;  but  I  have  already 
given  the  reasons  that  have  led  me  to  differ  from  him  on  this  point. 

The  suggestions  that  have  been  made  in  treating  of  mica  slate, 
in  regard  to  the  causes  of  such  flexures  in  rocks,  are  equally  ap- 
plicable to  the  rock  under  consideration  ;  and  therefore  I  shall  add 
no  more  in  this  place  on  the  subject. 

It  will  appear  from  the  following  notes,  relative  to  the  dip  and 
direction  of  the  strata  of  gneiss  in  Massachusetts,  that  this  rock 
conforms  to  at  least  three  systems  of  stratification.  The  Hoosic 
mountain  range,  and  the  western  part  of  the  Worcester  county 
range  exhibit  one  system  ;  the  branch  of  this  latter  range,  which 
extends  into  Middlesex  county,  belongs  to  a  second  without  much 
doubt :  that  portion  of  it  in  the  southeast  part  of  Worcester  county 
and  in  Rhode  Island  seems  to  belong  to  a  third,  and  perhaps  the 
New  Bedford  gneiss  to  a  fourth.     But  more  of  this  hereafter* 


Hoosic  Mountain  Range. 

Direction. 

Dip. 

Cheshire,  east  part, 

N.  and  S. 

2(yto30*»E. 

Windsor  to  north  part  of  Peru, 

N.  and  S. 

East. 

Chester  to  Becket, 

N.  and  S. 

80»  to  90'  E. 

Colebrook,  Ct.  to  West  Granville 

,  N.  and  S. 

nearly  90"  E. 

Wbitingham,  Vt.  - 

N.  and  S. 

sew. 

Wilmington,  Vt. 

N.  30^  E. 

30"  to  70'  W. 

do.         to  Somerset, 

N.  and  S. 

West,  large. 

Buckland, 

N.  and  S. 

lO"  to  20»  E.,fc 
10"  to  20°  W. 

the  latter  rather  predominating. 

Range  West  of  Worcester  Valley. 

Direction. 

Dip. 

45"  W. 

Brimfield,           -         .        - 

N.  and  S. 

do.       to  Sturbridge, 

N.  and  S. 

20"  to  80»  W. 

Sturbridge  to  Charlton, 

N.  and  S. 

45*  W. 

Monson  to  Sturbridge  through 

Wales  and  Holland, 

N.  and  S. 

45'' to  TO"  W. 

Plumbago  Mine,  Sturbridge, 

N.  30"  E. 

60<'lo70^N.W. 

Sturbridge  through  Southbridge 

to  Dudley,  the  dip  gradu- . 

ally  decreasing,     - 

N.  and  S. 

60»  to  25'  W. 

Oxford,  west  part, 

N.  and  S. 

lOo  E:  usually 
west,  and  large. 

Charlton  to  Brookfield, 

N.  and  S. 

20"  to  40"  E. 

Western,        .... 

N.  and  S. 

nearly  20'  a 
littles.  W. 

Enfield,      .        -        -        ^ 

N.  and  S. 

90°  nearly. 
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Enfield  to  Amherst, 
Spencer,  centrei  ... 

do.     two  miles  east,     - 
Hardwicky  ... 

do.    to  Spencer, 
New  Braintree, 

Ware,  .... 

Leicester  towards  Worcester, 
Pelham,  west  part, 

do.      north  part,  - 

do.      to  Prescott, 
Sbutesbury,      ... 

do.        Lock's  Pond, 
Leverett,  north  part,    - 
Petersham,    -        -        -        . 
Hubardston,        ... 
Rutland,         .... 
Princeton,  embracing  Wachusett, 

do.       towards  Sterling, 
New  Salem  to  Templeton, 
Warwick,   -        .         .        - 

Warwick  to  Royalton,    - 
Winchendon,  west  part,  to  Ash- 

bumham,    ... 
Ashbumham  to  Fitchburg, 
Townsend  to  Rindge,  N.  H. 
Rindge,  N.  H.,  west  part, 
Winchester,  N.  H.  towards 

Northfield, 


Direction. 
N.  and  S. 
N.  and  S. 
N.  and  S. 
N.  and  S. 
N.  and  S. 
N.  and  S. 
N.  and  S. 
N.  and  S. 
N.  and  S. 
N.  and  S. 
N.  and  S. 
N.  and  S. 
N.W.&S.E. 
N.W.&S.E. 
N. and  S. 
N.  and  S. 
N.  and  S. 
N.  and  S. 
N.  and  S. 
N.  and  S. 


Dip. 
10^  to  30o  E. 
West,  small. 

ao*E. 

20«to30oW. 

ao**  W. 

20"  to  80»  W. 

20"  W. 

West,  small. 

20°  to  30^  W. 

15»  to  20*  E. 

20<>to30*E. 

45«  to  90*  E. 

45"  N.  E, 
.  (yto45«N.  E. 

4(y>to50*W. 

30oW. 

E.  yerj  small. 

10<»to2a'E. 
nearly  horizontal. 

nearly  90*. 
between  N.E. 
and  North,       Easterly. 
N.  and  S.        GO''  to  80»  E. 


N.  and  S. 
N,  and  S. 
N.30'E. 
N.  and  S. 

N.  and  S. 


West,  various. 
West,  small. 
10^to25*N.W. 
3(y»  to  40'  W. 

20^to30°E. 


Range  East  of  Worcester  Valley :   North  part  of  the  Range, 

Dip. 

6(y»to7(yN.W. 

60^to700N.W. 

90°. 

6(no90»N.W. 

7(no80»N.W. 

20^9(fN.W.? 


Bolton,        .        .        .        - 
Boxborough,  limestone  quarry, 

do.         west  part, 
Carlisle,  -        - 

Chelmsford,  limestone  quarry, 
Worcester  to  Berlin, 
Concord,     -  - 


Worcester,  southeast  part, 


Direction. 

N.E.andS.W. 
N.E.andS.W. 
N.E.andS.W, 
N.E.andS.W, 
N.E.aDdS.W. 
N.E.andS.W. 
nearly  N.  and 
South. 

N.  several  de- 
grees E. 


nearly  90*»  W. 
70°  to  800  W. 
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South  part  of  the  Range. 

Direction.  Dip. 

Worcester  to  Grafton,       -         -     S.  sovoral  de- 

grees  W.  45^  to  90*  W. 

Grafton  to  Upton,         -         -         S.E.  and  N.W.  N.  E.  small. 
Mendon,         -         -         -         .     S.E.  andN.W.20*^o  30*N.  E. 
.  Douglass,  -        -         .         S.E.andN.W.25«to30*N.E. 

Westborough  to  Hopkinton 

•   Springs,      .         -         -     S.E.  and  N.W.  30*  N.  E. 
Uxbridge,  -         -         -  E.  and  W.  to 

S.E.  and  N.W.  25**N.andN.E, 
Sutton,  .         -         .         .      E.  and  W.         3(r  to  35*  N. 

do.     Purgatory,      -         -  S.E.  and  N.W.  25^  N.  E. 

Burrillville  and  Smithfield,  west 

part,  -         .         -  nearly  E.  and 

West.  25'  to  3(y»  N. 

New  Bedford  Gneiss. 

Direction.  Dip. 

New  Bedford,  (town,)         -  E.  20"  N.  SS**  N.  W. 

do.         Palmer's  Island,         E.  and  W.  35*  N. 

Rochester,     -         -         -         -     E.  and  W.         35^  N. 
Little  Compton,  R.  I.  -         N.  E.  and  S.W.  35  S.  E. 

The  greatest  irregularity  in  the  dip,  as  shown  in  the  preceding 
table,  exists  in  the  gneiss  in  the  western  part  of  Worcester  county. 
Vet  the  direction  is  pretty  uniform,  being  usually  north  and  south. 
And  in  respect  to  the  dip,  I  think  it  obvious  that  a  westerly  dip 
predominates,  being  rather  largest  towards  the  western  side  of  the 
range.  Thus  it  is  represented  on  Plates  XVII.  and, XVIII.  From 
those  sectional  views,  it  will  be  seen  that  this  westerly  dip  is  most 
uniform  across  the  southern  part  of  the  range.  In  the  central  sec- 
tion, the  dip  becomes  east  towards  the  western  part,  and  still  more 
so  in  the  most  northerly  section. 

The  smallness  of  this  dip  in  many  places  is  another  striking  cir- 
cumstance in  this  range.  If  we  have  any  rock  that  would  be  se- 
lected for  the  oldest  described  by  geologists,  it  is  this  gneiss ;  and 
hence  we  see  how  deceptive  was  the  old  rule,  which  taught  us  that 
the  relative  ages  of  rocks  might  be  determined  by  their  dip. 


Mineral  Contents. 

In  some  parts  of  the  world  gneiss  is  remarkable  as  the  repository 
of  a  number  of  the  precious  stones.  In  Ceylon,  for  instance, 
where  gneiss  is  the  prevailing  rock,  it  contains  of  the  quartz  fam- 
ily, rock  crystal,  amethyst,  rose  quartz,  cat's  eye,  prase  and  hy- 

48 


Digitized  by  VjOOQ IC 


390  Scientific  Oeohgy. 

alite ;  also  topaz^  schorl,  pyrope,  ciooamon  stone,  zircon,  spioelle, 
sapphire  and  corundum.*'  Hitherto  the  gneiss  of  Massachusetts 
has  not  yielded  so  rich  a  supply.  But  it  affords  enough  of  the 
same  minerals,  to  prove  a  strong  analogy  between  the  causes  that 
produced  these  deposits  in  parts  of  the  globe  so  widely  separated. 
Especially  will  this  be  true,  if  we  regard  the  limestone  beds  in  the 
northeast  branch  of  the  Worcester  gneiss  range,  as  a  part  of  this 
formation ;  and  this  is  certainly  reasonable.  For  in  these  beds 
have  been  found  spinclle,  a  garnet  which  is  probably  cinnamon 
stone,  asparagus  stone^  nephrite,  and  precious  serpentine  ;  and  the 
following  statement  will  show  that  several  others  of  the  Ceylon 
minerals  have  also  been  found  in  the  gneiss  itself. 

By  iar  the  most  important  mineral  hitherto  found  in  our  gneiss, 
is  graphite.  As  described  in  the  first  part  of  my  Report,  its  most 
important  locality  is  in  Sturbridge.  It  occurs  in  other  places, 
however,  as  in  North  Brookfield,  in  Brimfield,  in  Hinsdale  and 
New  Marlborough ;  though  I  am  not  sure  that  in  the  two  last 
named  localities,  the  gangue  is  gneiss.  The  plumbago  iu  Stur- 
bridge, which  is  situated  only  two  miles  north  of  the  Connecticut 
line,  and  near  the  western  line  of  the  town,  has  been  explored  in 
some  places  to  the  depth  of  60  or  70  feet.  I  have  already  de- 
scribed it  so  fully  as  to  render  it  necessary  to  add  only  a  few  re- 
marks Respecting  its  geological  situation  and  mineralogical  charac- 
ters and  associations.  It  is  most  decidedly  a  bed  in  a  dark  colored 
gneiss,  which  here  dips  from  60®  to  70<»  west  and  runs  N.  30** 
East,  and  S.  30^  West.  In  immediate  contact  with  the  gneis»y 
we  find  frequently  lamellar  brownish  hornblende,  which  is  also  dis- 
seminated to  a  considerable  extent  in  the  gneiss. 

The  lusture  of  this  plumbago  is  highly  metallic.  Its  structure 
is  between  scaly  and  fine  granular.  Sometimes,  however,  there  is 
an  obvious  approximation  to  distinct  crystals  :  though  mineralogists 
are  not  agreed  that  this  substance  has  ever  been  found  in  such  a 
state.'  Judging  however,  from  specimen.  No.  1075  and  from 
what  the  workmen  told  me,  I  suspect  that  if  crystalized  gcaphite 
occurs  any  where,  it  may  be  found  at  Sturbridge. 
There  is  another  variety  found  at  this  locality,  which  is  distinctly 
fibrous  :  the  fibres  being  from  one  to  two  inches  long.  On  exam- 
ination these  fibres  are  found  to  be  composed  of  distinct  lamellae, 
which  are  sometimes  so  bent  as  to  give  the  mass  a  fibrous  appear- 
ance ;  as  happens  in  certain  varieties  of  mica  slate :  but  more 
.  commonly  these  lamellae  actually  separate  longitudinally  into  very 
narrow  prisms,  like  prismatic  mica.  (No.  1074.) 

At  this  mine  I  noticed  phosphate  of  lime  in  small  quantity. 
At  the  most  southerly  excavation,  also,  I  noticed  hydrate  of  iron, 
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in  a  cross  fissure  in  the  gneiss,  and  forming  witb  the  ingredients  of 
Che  rock  a  brecciated  mixture.  Vegetable  relics  are  sometimes 
seen  enveloped  in  the  mass.  Half  a  mile  north  of  the  meeting 
bouse  in  North  Brookfield,  I  notice  a  similar  breccia,  forming  a  bed 
in  gneiss  a  foot  or  two  in  thickness :  though  here  I  saw  no  vegeta* 
ble  remains. 

In  both  these  cases,  I  think  we  must  regard  this  iron  ore  as  hav- 
ing been  infiltrated  into  cavities  in  the  gneiss,  at  a  recent  date ; 
and  therefore,  in  fact,  as  an  alluvial  deposit ;  although  at  Brook- 
field  the  iron  forms  a  distinct  bed  in  the  gniess.  But  the  rock  con- 
tains abundance  of  decomposing  sulphate  of  iron,  which,  as  we 
have  already  seen  produces  bog  iron  of  exactly  the  same  aspect 
as  that  above  described ;  and  it  is  not  impossible  that  from  this 
cause  a  cavity  in  the  rock  that  was  originally  small,  might  have 
been  much  enlarged  ;  while  the  exfoliated  fragments  would  go  to 
make  up  the  brecciated  mass  above  described. 

After  what  I  have  said  under  graywacke  and  mica  slate,  in  re- 
spect to  the  origin  of  anthracite  and  plumbago,  it  will  be  repe- 
titious to  add  any  thing  farther  on  this  subject.,  It  may  be  that  I 
am  too  much  captivated  with  the  beautiful  simplicity  of  the  prin- 
ciple, which  refers  every  variety  of  peat,  lignite,  bituminous  and 
anasphaltic  coal,  and  plumbago,  to  a  vegetable  origin.  But  at  pres- 
ent, I  must  regard  that  opinion  as  far  more  probable  than  any  other. 

It  will  be  well  for  observers  to  bear  in  mind  a  remark  of  Dr. 
Davy  relating  especially  to  the  gneiss  of  Ceylon.  'It  is  worthy  of 
remark,'  says  he,  *  that  graphite  is  generally  found  in  company 
with  gems.  I  have  had  so  often  occasion  to  make  the  observation 
that  I  now  never  see  the  former  without  supposing  the  presence  of 
the  latter.'* 

A  mineral  occurring  in  our  gneiss,  and  often  confounded  with 
graphite,  is  the  sulphuret  of  molybdenum.  1  have  noticed  this 
in  Brimfield  in  scales  ;  and  in  the  north  part  of  Shutesbury,  a  lit- 
tle east  of  Locke's  Pond,  it  has  been  found  in  hexagonal  plates 
nearly  an  inch  in  diameter. 

The  mineral  found  in  our  gneiss,  which  next  to  graphite  will  ex- 
cite most  interest  in  an  economicar  point  of  view,  is  the  native 
alum  mentioned  in  a  postcript  to  the  first  edition  of  the  first  part 
of  my  Report.  It  is  found  efflorescing  on  that  schistose  variety 
of  gneiss,  which  is  passing  into  mica  slate.  There  is  mixed  with 
it  more  or  less  of  sulphate  of  iron,  and  both  minerals  proceed 
from  the  decomposition  of  iron  pyrites,  and  probably  feldspar. 
This  last  mineral  contains,  as  is  well  known,  a  considerable  quan- 
tity of  potassa  ;  and  I  can  imagine  no  other  source  from  whence 
this  essential  ingredient  of  alum  should  be  obtained.  Nor  will 
any  one  doubt,  who  has  seen  how  thorough  is  often  the  decompo- 
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sitioo  or  the  gneiss  that  contains  pyrites,  that  this  potassa  might  be 
separated.  1  am  not  aware  that  alum  has  been  heretofore 
found  in  gneiss :  but  since  this  rock  does  contain  so  much  potassa, 
and  if  it  can  be  thus  separated  from  the  feldspar,  why  may  cot 
our  gneiss  prove  a  very  prolific  source  of  alum  ?  I  do  not  know 
that  any  special  elTorts  have  been  made  to  ascertain  whether  it 
can  be  procured  in  much  quantity  from  the  rock  in  Leominster : 
but  recently  I  have  received  a  specimen  from  Barre,  and  it  occurs 
also  in  Ware.  And  1  can  have  no  doubt  that  any  part  of  the 
gneiss  range,  where  pyrites  is  decomposing,  will  produce  it.  It 
may  be  hoped  that  a  fair  trial  will  erelong  be  made  to  obtain  this 
substance.  This  is  not  tiic  pro|>er  place  to  make  suggestions  as  to 
the  best  mode  of  proceeding.  Suffice  it  to  say,  that  no  effort 
should  be  made  on  a  large  scale,  without  consulting  some  practical 
chemist. 

The  Worcester  county  gneiss  ranges  contain  in  many  places, 
an  abundance  of  blood  red,  often  ruby  red,  and  translucent  garnets. 
Often  they  are  extremely  minute  and  perfectly  crystalized ;  but 
sometimes,  as  in  Brookfield,  they  are  more  than  half  an  inch  in 
diameter,  and  the  crystal  is  very  imperfect.  At  length  it  becomes 
perfect  pyrope.     And  it  is  a  curious  fact  that  there  is  a   strip  of 

Kieiss,  (sometimes  approximating  to  mica  slate,)  extending  from 
orwich  in  Connecticut,  half  across,  and  probably  entirely  across 
Massachusetts,  which  abounds  in  this  mineral.  This  strip  passes 
along  the  western  part  of  Wales,  Brimfield,  Ware,  &c.  In  no 
place,  however,  except  Brimfield,  is  the  color  of  this  garnet  so 
delicate  as  in  Norwich,  Ct.,  where  it  is  found  in  mica  slate. 

The  ibiiated  masses  of  feldspar  in  the  porphyritic  gneiss  passing 
through  Brimfield,  Ware,  be,  are  frequently  a  delicate  adularia. 
In  Southbridge,  in  a  decomposing  ledge  of  gneiss,  near  the  centre 
of  the  place,  the  feldspar  is  of  a  delicate  green,  yet  almost  trans- 
parent; being  quite  elegant  when  polished.  (No.  1086.)  In  cav- 
ities in  the  gneiss  in  Bioxborough,  I  found  distinct,  yet  not  hand- 
some crystals  of  feldspar.  The  same  occur  with  acty nolite,  augite, 
and  sphene,  in  Pelham. 

Common  schorl  is  frequently  seen  in  the  gneiss  of  Massachu- 
setts, as  in  Athol,  Pelham,  and  New  Braintree.  In  the  latter 
place,  the  crystals  have  distinct  acuminations.  Often,  as  in  Athol 
and  Pelham,  epidote,  sometimes  in  crystals,  is  associated  with  the 
schorl. 

In  the  New  Bedford  gneiss,  as  I  was  informed  by  T.  A.  Greene, 
Esq.,  epidote  occurs  along  with  the  red  oxide  of  titanium.  In  the 
gneiss  in  Pelham,  I  have  noticed  some  crystals  of  sphene  as  just 
mentioned.  But  the  sphene  which  I  lately  found  in  the  augilic 
gneiss  in  the  east  part  of  Lee,  is  finer  than  any  I  have  met  with 
in  New  England.  (No.  1091.)  The  crsytals  are  very  oblique 
rhombic  prisms,  variously  modified  at  their  extremities ;  resem- 
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bling  those  represented  on  Plate  XII^  figures  47^  48,  and  49,  of 
Beudant's  Mineralogy. 

It  has  already  been  repeatedly  stated,  that  the  sulphuret  of  iron 
is  one  of  the  most  abundant  of  the  minerals  in  the  gneiss  of  Wor- 
cester county.  In  Hubbardston,  as  I  have  mentioned  elsewhere, 
this  ore  is  wrought  for  the  preparation  of  copperas.  In  the 
gangue  of  the  ore  occurs  a  mineral  which  exceeding  resembles 
peliom,  though  it  may  be  blue  quartz.  It  deserves  farther  exam- 
ination. 

Magnetic  oxide  of  iron  is  sometimes  met  with  in  small  dissemin- 
ated masses  in  gneiss,  as  in  Athol  and  Shelbume. 

Arsenical  sulphuret  of  iron  is  said  to  occur  in  Leicester  in 


In  Pelham  we  meet  in  this  rock,  with  well  characterised  speci- 
mens of  anthophyllite. 

In  that  town,  also,  is  a  great  abundance  of  finely  crystalized 
quartz.  Some  of  the  crystals  are  quite  delicate.  They  are  com- 
monly limpid,  though  sometimes  of  a  light  brown  color,  and  some- 
times of  a  fine  topaz  yellow,  being  genuine  yellow  quartz.  Rare- 
ly are  they  amethystine.  Not  unfrequently  large  cavities  are  dnisy , 
and  present  fine  specimens.  The  crystals  vary  in  size,  from  two 
inches  in  diameter  to  the  fineness  of  a  sewing,  needle.  It  is  not 
easy  to  ascertain  the  precise  situation  of  this  quartz  in  the  gneiss ; 
since  it  is  seen  only  in  loose  masses  scattered  over  several  acres. 
Probably,  however,  it  constitutes  a  vein.  I  observed  no  metallic 
substance  in  it,  except  a  little  sulphuret  of  iron. 

Associated  with'  this  quartz  are  found  beautiful  specimens  of 
mamillary  chalcedony.  (No.  1002.)  Rarely  it  is  of  a  milk  white 
color;  but  commonly  of  a  delicate  blue.  Sometimes  it  may  be 
seen  investing  distinct  crystals  of  quartz,  thus  showing  its  origin  to 
be  watery  infiltration  beyond  all  question. 

It  has  already  been  mentioned  that  steatite  and  serpentine  occur 
in  beds  in  our  gneiss.  In  Milbury,  a  variety  of  tiie  former  has 
been  found,  which  has  been  called  vermictUitey  on  account  of  its 
singular  property  of  shooting  forth  vermiform  masses  when  exposed 
to  heat :  thus  giving  to  the  specimens,  when  in  the  fire,  the  appear- 
ance of  worms  in  motion. 

I  have  seen  a  specimen  of  gray  copper  from  Brimfield  ;  and 
from  the  geological  constitution  of  that  region,  I  infer  that  it  orig- 
inated from  gneiss. 

In  Washington,  Ct.,  the  gneiss  contains  mesotype  and  sfilbile  ; 
and  at  Bellows  Falls,  on  the  Vermont  shore,  a  radiated  miner- 
al of  the  zeolite  family,  with  another  in  small  and  distinct  crystals, 
which  I  shall  describe  under  greenstone,  as  a  new  species,  by  the 
name  of  Lincolnite, 
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Since  gneiss  is  composed  of  the  same  simple  minerals  as  granite, 
it  is  natural  to  infer  that  both  must  have  had  a  similar  origin.  And 
especially  are  we  led  to  such  a  conclusion,  when  we  see  in  grani- 
tic gneiss  a  gradual  passage  from  the  one  rock  into  the  other.  That 
granite  has  resulted  from  heat,  instead  of  aqueous  deposition, 
seems  to  me  to  be  so  well  established,  that  the  opinion  that  imputes  to 
it  such  an  origin,  ought  no  longer  to  be  regarded  as  hypothesis,  but 
as  legitimate  theory.  Thus  it  is  regarded  by  nearly  all  the 
ablest  geologists  of  Curope  ;  and  in  the  proper  place  1  hope  to 
shpw  that  our  granite  presents  equally  strong  evidence  of  such  an 
origin  as  that  on  the  eastern  continent.  At  present,  1  shall  assume 
that  theory  to  be  the  correct  one,  which  supposes  granite  to  have  re- 
sulted from  the  melting  down  of  other  rocks;  the  fused  mass  hav- 
ing cooled  so  slowly  as  td  present  a  confused  crystalization.  It  is 
at  least  a  probable  supposition,  that  the  rock  out  of  which  it  was 
produced,  was  of  mechanical  origin,  and  consequently  strati6ed. 
Now  if  the  central  heat  was  not  sufficient  entirely  to  melt  this 
stratified  rock,  yet  it  would  be  powerfully  affected  a  considerable 
distance  upward  from  the  molten  mass.  The  layers  in  immediate 
contact  with  the  melted  portion,  would  be  partially  fused,  and  henpe 
give  origin  to  granitic  gneiss.  Another  portion  might  be  convert- 
ed into  porphyritic  gneiss ;  another  into  lamellar ;  another  into 
schistose ;  &c.  All  the  rock  we  may  suppose  so  near  the  fluid 
granite,  and  so  long  in  contact  with  it,  before  cooling,  that  a  crys- 
talline would  succeed  to  a  mechanical  arrangement  of  all  its  ingre- 
dients, without  losing  the  stratified  disposition. 

The  facility  with  which  this  hypothesis  explains  the  graduation 
of  gneiss  into  granite,  and  the  crystalline  and  especially  the  por- 
phyritic structure  of  the  gneiss,  is  the  principal  argument  in  its  sup- 
port. Such  effects  we  know  might  have  resulted  from  heat :  but 
they  could  not- have  resulted  from  watery  solution. 

As  to  the  mechanical  rock  from  which  gneiss  was  produced, 
according  to  this  theory,  we  are  left  only  to  conjecture.  Most  prob- 
ably it  was  a  coarse  micaceous  sandstone,  which  resulted  from  the 
disintegration  of  granite,  previously  existing.  When  hornblende  slate 
alternates  with  the  gneiss,  we  have  only  to  suppose  that  formerly 
clay  slate  was  interstratified  with  the  sandstone:  and  where  there  is 
an  interlamination  of  mica  slate  and  gneiss,  we  have  only  to  suppose 
that  in  some  portions  of  the  sediiuenlary  rock,  the  necessary  in- 
gredients for  tile  production  of  feldspar  were  wanting.  In  the 
same  manner,  the  quartz  rock  associated  with  the  gneiss,  might 
have  proceeded  from  a  sandstone  composed^  chiefly  of  siliceous 
sand. 
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According  to  this  view  of  the  subject,  granite,  and  perhaps  other 
primary  rocks,  must  have  existed  anterior  to  those  which  now  form 
the  crust  of  the  globe  ;  and  from  the  detritus  of  which ,  the  exist- 
ing primary  rocks  were  produced  ;  being  subsequently  indurated 
and  crystalized  by  a  new  eruption  of  granite  and  other  unstratified 
rocks.  Thus  we  trace  a  number  of  successive  epochs  of  renewal 
and  destruction,  before  the  earth  assumed  its  present  form :  and 
now  we  see  the  process  of  destruction  going  forward.  To  these 
changes  the  mathematician*  who  first  developed  the  fundamental 
principles  of  this  theory  saw  no  marks  of  a  commencement, — no 
prospect  of  an  end ;  and  hence  he  has  been  supposed  to  defend 
the  hypothesis  of  the  world's  eternity,  and  to  exclude  a  Deity 
from  its  creation  and  government.  But  surely  his  own  theory  did 
not  teach  him  that  the  earth  had  existed  in  more  than  two  states 
anterior  to  the  present ;  viz.  the  state  that  preceded  the  existence 
of  our  present  primary  strata,  and  that  which  included  these  only. 
And  had  be  been  acquainted  with  the  history  of  organic  remains, 
as  the  subject  is  now  understood,  he  might  have  known  that  there 
is  no  proof  of  more  than  five  or  six  extinctions  of  animals  and  plants 
antecedent  to  the  creation  of  the  present  races ;  and  still  farther, 
he  might  have  known  that  each  successive  creation  exhibited  a 
greater  degree  of  perfection  in  animal  natures ;  thus  proving  a  pro- 
gressive state  of  things :  which  implies  a  commencement.  And 
the  whole  history  of  the  rock  strata  shows  a  corresponding  im- 
provement in  the  state  of  the  globe,  pointing  us  back  to  an  origi- 
nal beginning.  Further,  had  this  philosopher  been  as  well  ac- 
quainted with  the  chemistry  of  nature  as  with  her  mathematics,  he 
must  have  known,  that  an  intensely  heated  globe  could  not  have 
existed  eternally  in  that  state ;  and  that  as  there  must  have  been  a 
period  when  it  began,  so  there  will  be  a  period  when  it  will  cease  to 
radiate  heat ;  and,  therefore,  the  fundamental  principle  of  his  the- 
ory should  have  taught  him,  that  probably  the  world  had  a  begin- 
ning, and  will  have  an  end.  Indeed  if  1  understand  geology  aright, 
so  far  from  teaching  the  eternity  of  the  world,  it  proves  more  di- 
rectly than  any  other  science  can,  that  its  revolutions  and  races  of 
inhabitants  bad  a  commencement,  and  that  it  contains  within  itself 
the  chemical  energies,  which  need  only  to  be  set  at  liberty  by  the 
will  of  their  Creator,  to  accomplish  its  destruction.  Because  this 
science  teaches  that  the  revolutions  of  nature  have  occupied  im- 
mense periods  of  time,  it  does  not,  therefore,  teach  that  they  form 
an  eternal  series.  It  only  enlarges  our  conceptions  of  the  Deity  ; 
and  when  men  shall  cease  to  regard  geology  with  jealousy  and  nar- 
row-minded prejudices,  they  will  find  that  it  opens  fields  of  re- 
search and  contemplation  as  wide  and  as  grand  as  astronomy  itself. 

•  Dr.  Hutton. 
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UNSTRATIFIED  ROCKS. 


I  have  already  described  several  rocks,  Tex.  gr.  limestone,  ser- 
pentine, and  one  or  two  varieties  of  hornblende  slate,)  a^  some- 
times strati6ed  and  sometimes  unstratified.  But  the  rocks  which 
I  include  under  the  present  division,  are  never  strati6ed  in  the 
proper  sense  of  that  term.  They  are,  indeed  sometimes  divided 
into  parallel  masses  :  but  in  such  cases  this  peculiar  form  seems  to 
result  from  that  kind  o(  crystalline  arrangement  called  the  concre- 
tionary structure.  The  question  so  long  agitated,  whether  these 
rocks,  particularly  granite,  are  stratified,  seems  at  last  to  be  satis- 
factorily settled  in  the  negative.  This  character,  therefore,  may 
with  propriety  be  employed  to  designate  one  of  the  great  classes  of 
rocks. 

Unstratified  rocks  occupy  but  a  small  part  of  the  surface  of  any 
country.  In  Great  Britian  Macculloch  says  they  *  do  not  cover  a 
thousandth  part  of  the  superficies  of  the  island.'  In  Massachusetts 
however,  as  may  be  seen  by  the  map,  they  form  at  least  a  quarter 
part  of  the  surface. 

These  rocks  occur  in  three  modes :  1 .  In  irregular  protruding 
masses,  intruded  in  almost  every  manner  among  the  stratified  rocks, 
and  enlarging  downwards  indefinitely :  2.  In  the  form  of  veins  of 
various  sizes,  and  often  ramified :  3.  As  overlying  masses.  It 
has  been  stated,  also,  that  they  exist  interstratified  with  other  rocks : 
but  an  examination  of  all  such  cases  has  shown,  that  such  inter- 
laminated  masses  are  always  connected  with  an  unstratified  mass, 
and  are  merely  veins,  which  for  a  time  coincide  in  direction  with 
the  strata. 

One  cannot  examine  the  unstratified  rocks  with  attention,  with- 
out perceiving  that  their  mode  of  production  must  have  been  in 
some  respects  different  from  that  of  the  stratified  rocks.  Not  long 
since  the  general  opinion  was,  that  they  originated  from  the  crys- 
talization  of  their  ingredients  dissolved  in  water.  At  this  day  the 
belief  in  their  igneous  orisin  has  become  nearly  as  universaU  In  re- 
gard to  the  trap  rocks,  mdeed,  this  opinion  is  almost  unanimous. 
Why  there  should  be  any  more  hesitation  in  assigning  a  similar  ori- 
gin to  granite,  I  confess  myself  unable  to  imagine.  I  should  almost 
as  soon  deny  that  the  red  rays  of  the  spectrum  proceed  from  the 
sun,  after  admitting  that  the  six  other  colors  were  produced  by 
that  luminary.  I  am  constrained  thus  early  to  express  my  convic- 
tion of  the  igneous  origin  of  all  the  unstratified  rocks  :  for  I  have 
found  that  opinion  roarvelously  to  simplify  the  history  of  these 
rocks  ;  and  to  clear  up  many  difficulties  inexplicable  on  any  other 
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theory.  To  regard  these  rocks  as  they  occur  in  the  primary^  sec- 
ondary and  tertiary  classes,  as  independent  of  one  another,  and  of 
the  same  age  of  the  formations  in  which  they  occur,  and  thus  to 
describe  them  as  primary,  transition,  secondary,  be.  produces  in 
this  part  of  geology  a  perfect  chaos.  But  to  regard  them  all  as 
merely  varieties  of  the  same  melted  mixture,  whose  peculiarities 
resulted  from  the  modes  in  which  they  were  cooled  and  crystal ized, 
and  intruded  among  the  stratified  rocks,  does  certainly  relieve  tbe 
miod  of  a  host  of  doubts  and  difficulties,  and  render  the  history  of 
these  varieties  comparatively  easy,  whether  the  theory  be  true  or 
false.  On  this  supposition  we  are  no  longer  surprised  to  6nd  it 
impossible  to  draw  any  definite  line  between  the  difierent  varieties^ 
DOf  to  find  them  all  united  in  the  same  mountain  mass. 

tt  must  not  however,  be  understood  that  this  view  of  the  sub« 
ject  implies  that  all  the  unstratified  rocks  are  of  the  same  age. 
For  in  this  respect  there  is  evidence  of  nearly  as  great  diversity  .as 
exists  among  the  stratified  rocks.  And  their  intrusion  among  the 
stratified  rocks  afibrds  an  important  clue  for  determining  their  rela-- 
tive  ages.  It  is  obvious,  however,  that  the  intrusion  of  the  former 
among  the  strata  of  the  latter,  only  proves  that  the  unstratified  rock 
was  formed  posterior  to  the  stratified  one.  And  on  this  principle 
it  has  been  shown,  that  granite  has  been  protruded  even  since  the 
deposition  of  the  chalk :  while  basalt  has  cut  through  even  the 
supercretaceous  rocks ;  and  finally,  the  products  of  existing  volca-^ 
noes  overspread  diluvium  and  alluvium. 

So  well  satisfied  am  I  of  the  correctness  of  these  views  respect»- 
ing  the  unstratified  rocks,  that  I  have  been  strongly  tempted,  accord- 
ing to  the  suggestion  of  Dr.  Macculloch,  to  treat  of  all  those  that 
occur  in  Massachusetts  as  a  single  family  ;  being  convinced  with 
him,  that  ^  geological  philosophy  must  adopt  this  (proposal)  sooner 
or  later.'  But  if  that  geologist  shrunk  from  taking  the  lead  in  such 
an  innovation,  well  may  I.  The  members  of  the  unstratified  class 
in  Massachusetts  are  not  numerous ;  and  I  have  concluded  to  treat 
of  them  all  under  four  divisions,  viz.  greenstone,  porphyry,  sienite, 
and  granite. 

There  would  be  some  advantages  in  treating  of  these  rocks  in 
an  ascending,  instead  of  a  descending  order:  that  is,  in  beginning 
'  with  granite,  taking  sienite  next,  porphyry  next,  *and  greenstone 
last.  For  this  is  the  order  in  which  in  general  they  seem  to  have 
been  produced.  But  for  the  sake  of  uniformity,  and  to  secure 
some  other  advantages,  I  shall  invert  this  order. 

A  few  words  may  be  needful  in  this  place,  in  respect  to  the 
manner  in  which  these  rocks  are  represented  on  the  map.  From 
the  intricate  manner  in  which  *  the  greenstone,  sienite,  and  granite 
<^re  mixed  together,  in  the  vicinity  of  Boston,  I  found  it  impossible 
to  give  them  precisely  their  true  relative  space  in  the  delineation. 
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I  therefore  colored  the  whole  space  occupied  by  them  all,  as  gran- 
ite ;  and  then,  having  observed  that  as  a  general  fact  the  green- 
stone was  first  met  with,  on  lines  radiating  from  Boston,  then  por- 
phyry and  sienite,  and  lastly  granite,  I  represented  these  several 
rocks  as  occupying  spaces  somewhat  in  the  form  of  concentric 
bands.  Wherever  I  observed  these  rocks  intermingled,  however, 
I  have  endeavored  to  represent  their  mixture  by  scattering  dots 
and  crosses  somewhat  promiscuously  in  the  region.  This  method 
of  course  can  give  only  an  approximation  to  the  truth.  In  the 
valley  of  the  Connecticut,  these  rocks  are  scarcely  ever  so  con- 
fusedly mixed  together;  and,  therefore,  it  is  only  in  the  eastern 
and  northeastern  parts  of  the  State  that  such  a  course  has  been 
adopted.  The  porphyry  forms  only  two  ranges,  which  are  dis- 
tinct; the  one  on  the  north,  and  the  other  to  the  south  of  Boston, 
except  that  a  narrow  strip  of  compact  feldspar, — ^the  base  of  por- 
phyry,— is  marked  in  the  northern  part  of  Essex  County.  Por- 
phyry, however,  passes  by  insensible  gradations  into  sienite,  but 
the  change  commonly  takes  place  in  a  vertical  and  not  in  a  hori- 
zontal direction. 


15.        GKEENSTONE. 

The  most  approved  definition  of  this  rock  makes  it  to  consist  of 
hornblende  with  compact  and  common  feldspar :  some  add  clink- 
stone also :  but  as  this  substance  does  not  occur  in  this  part  of 
our  country,  it  is  of  no  importance  in  the  present  instance,  whether 
it  be  added  or  not.  A  mixture  of  hornblende  and  feldspar,  the 
former  in  much  the  largest  proportion,  and  both  of  the  minerals  ex- 
hibiting but  little  of  a  crystalline  structure,  (;pnsiitutes  the  great 
mass  of  the  trap  rocks  of  Massachusetts.  Other  varieties  do 
indeed  occur,  composed  of  different  ingredients  :  but  as  these  are 
found  in  such  small  quantity,  and  are  obviously  accidental  varie- 
ties, I  have  thought  it  most  judicious  to  describe  them  all  under 
the  term  greenstone.  Such  a  liberty  I  have  frequently  taken  in 
the  case  of  the  stratified. rocks  ;  and  I  think  it  still  less  objection- 
able in  the  case  of  the  unstratified  ;  because  there  is  much  more 
diversity  of  opinion  among  geologists  as  to  the  ingredients  that 
compose  the  latter.  These  ingredients  are  often  so  little  crystal- 
line, as  to  be  exceedingly  obscure  in  their  characters  ;  and  it  is, 
therefore,  no  wonder  that  such  diversity  exists  even  iu  the  state- 
ments of  the  ablest  writers.  Especially  is  this  not  surprising,  when 
we  recollect,  that  until  recently,  it  was  thought  essential  to  a  good 
description  of  these  rocks,  that  the  observer  should  be  able  to  prove 
that  they  belonged  either  to  the  primitive,  transition,  or  secondary 
class  of  the  stratified  rocks.     It  was  bad  enough  to  be  obliged  to 
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stretch  the  stratified  rocks  upon  this  Procrastean  bed,  although 
here  these  artificial  divisions  had  some  appearance  of  naturalness ; 
bat  in  the  unstratified  rocks,  no  facts  could  be  found  on  which  to 
base  such  an  arrangement ;  and,  therefore,  imagination  must  sup- 
ply the  necessary  characters*  The  consequence  was,  that  minute 
aod  ever  varying  mineralogical  characters  in  the  trap  rocks  were 
studied  with  scrupulous  exactness  ;  while  their  geological  position 
aod  chemical  and  mechank^l  influence  on  other  rocks,  were  scarce- 
ly noticed. 

Minerahgical  Characters* 

1.  Hornblende  and  Feldspar :  the  mixture  more  or  less  gran- 
ular. Commonly  the  ingredients  are  so  fine  that  they  are  with 
some  difficulty  discerned  by  the  naked  eye.  Hence  it  is  not  easy 
to  determine  always  whether  the  feldspar  is  compact  or  foliated. 
Frequently  I  believe,  however,  that  both  varieties  will  be  found, 
and  that  often  in  the  same  specimen.  The  crystalline  structure  of 
the  hornblende  is  usually  very  indistinct.  In  the  eastern  part  of 
the  State,  however,  where  this  rock  is  associated  with  sienite,  the 
two  ingredients  are  often  very  distinct  and  the  texture  crystalline. 
A  variety  occurs  on  Mount  Holyoke  and  in  West  Springfield,  in 
which  the  ingredients  are  very  coarse,  and  the  feldspar,  which  is 
foliated,  is  of  so  dark  a  color  as  with  difficulty  to  be  distinguished 
from  the  hornblende.  (Nos.  1127,  1128.)  The  feldspar  is 
arranged  in  stripes,  like  a  ribbon,  as  in  the  sienite  near  Boston. 

The  compound  that  has  now  been  described,  constitutes  the 
principal  part  of  the  greenstone  dikes,  ridges,  and  hummocks,  in 
Massachusetts.  (Nos.  1106  to  1135.)  The  same  compound 
occurs  also  in  other  forms,  as  will  be  seen  in  the  sequel. 

2.  Columnar.  This  differs  from  the  preceding  variety  only  in 
form  :  for  its  composition  is  almost  uniformly  the  same.  Nearly 
all  the  greenstone  in  the  valley  of  the  Connecticut  exhibits  more 
or  less  of  a  conatus  at  a  columnar  structure,  except  the  tufaceous 
variety.  Yet  it  is  the  finely  granular  variety,  that  exhibits  the 
most  perfect  fonns.  A  similar  conatus  appears  in  some  of  the  beds 
of  greenstone  in  the  eastern  part  of  the  State,  especially  in  Charles- 
town  :  but  these  columnar  masses  are  so  imperfect,  compared  with 
some  of  those  in  the  Connecticut  valley,  that  I  shall  limit  my  re- 
marks entirely  to  the  greenstone  occurring  in  that  valley  :  and  as 
it  is  more  convenient,  I  shall  in  this  place  give  the  topography  of 
the  variety  under  consideration. 

Nearly  all  the  ridges  of  greenstone  in  the  valley  of  the  Con- 
necticut, (for  a  reason  that  will  appear  in  the  sequel,)  present  on 
their  western  sides,  a  nearly  perpendicular  face.  Usually,  how- 
ever, the  angular  fragments  that  have  fallen  from  these  precipices, 
have  accumulated  at  the  bottom,  so  as  to  form  a  steep  talus,  reach- 
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ing  half  or  two  thirds  the  distance  to  the  summit ;  and  sometimes 
entirely  to  the  top.  Where  the  rock  appears  in  the  face  of  the 
cliff,  it  is  almost  always  more  or  less  columnar ;  sometimes  as 
much  as  30  or  40  feet  in  height.  In  seme  cases  one  set  of  columns 
is  separated  from  another  set,  above  or  below,  by  a  stratum  or 
mass  of  trap  tuff. 

There  are,  however,  only  a  few  places  where  these  columns  are 
very  perfect.  Along  the  west  side  of  the  greenstone  ridge  that 
forms  the  eastern  part  of  Deerfield  mountain,  in  several  places, 
about  a  mile  east  of  the  village,  they  exhibit  great  regularity.  Usu« 
ally  their  diameter  here, — and  the  same  remark  will  apply  to  every 
other  locality, — is  between  two  and  three  feet ;  rarely  as  small  as 
one  fool ;  and  the  number  of  their  sides  between  four  and  six. 
They  are  sometimes  distinctly  articulated  ;  the  joints  varying  from 
one  to  three  or  four  feet  in  heighL  The  articulations  are  usually 
curved,  at  their  ends  presenting  frequently  a  convexity  on  the  up- 
per side,  and  a  concavity  on  the  lower.  The  breadth  of  the  sides 
b  considerably  unequal ;  and  with  this  exception,  perhaps,  these 
columns  might  compare  in  regularity  with  those  of  basialt  from 
Ireland. 

I  have  already  given  a  general  description,  in  the  second  part  of 
my  Report,  of  an  exhibition  of  greenstone  columns  towards  the 
southern  extremity  of  Holyoke,  in  the  western  face  of  the  hill.  At 
that  place  we  see  but  little  of  articulation  :  but  a  most  remarkable 
disintegration,  or  rather  exfoliationi  is  there  constantly  going  for* 
ward ;  as  the  immense  number  of  fragments  at  the  base  of  the  cliff 
testifies.  The  pieces  that  split  or  scale  off,  are.  of  almost  every 
shape ;  but  they  are  commonly  rather  thin,  sometimes  in  curved 
laminae  an  inch  or  two  thick.  When  the  lower  part  of  a  column 
begins  thus  to  scale  off,  the  fissures  take  such  a  direction  as  to 
leave  the  under  side  of  the  column,  still  projecting  from  the  preci- 
pice, in  the  form  of  a  hemisphere,  or  more  commonly  in  the  form 
of  a  paraboloid  ;  and  not  unfrequently  of  a  lenticular  form.  And 
in  one  spot  at  least,  the  upper  portion  of  two  or  three  rows  of  coU 
umns  is  suspended  over  the  head  of  the  observer,  appearing  like 
numeroos  iron  kettles,  not  less  than  three  feet  in  diameter,  hanging 
from  the  rock.  This  is  certainly  one  of  the  most  singular  natural 
objects  that  I  have  ever  met  with  ;  nor  can  one  feel  at  porfect  ease 
beneath  such  a  piazza,  when  he  sees  by  how  feeble  a  hold  these 
masses  of  immense  weight  are  sustained ;  and  how  instantly  one 
of  them  falling  would  grind  him  to  powder. 

I  have  been  at  a  loss  to  decide,  whether  the  exfoliation  which 
is  exhibited  at  this  spot,  takes  place  according  to  an  original  struc- 
ture of  the  rock,  or  is  produced  by  the  natural  action  of  the  dis- 
integrating agents;  such  as  air,  moisture,  heat,  and  cold,  upon 
rocks  of  a  peculiar  form.     I  c^n  hardly  admit  the  latter  supposi- 
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lion ;  when,  oo  breakiDg  the  fragments,  they  are  found,  except  for 
a  mere  line  at  the  surface,  to  be  so  entirely  unchanged.  Yet  this 
curved  fonn  of  exfoliation  is  not  the  only  one  exhibited  on  this 
greenstone  range.  More  frequently  the  columns  split  longitudi- 
Dally,  into  somewhat  irregular  pieces,  from  one  to  six  or  more 
inches  in  diameter.  All  along  the  western  side  of  Mount  Tom, 
examples  of  this  kind  may  be  seen ;  and  the  quantity  of  fragments 
of  this  sort,  accumulated  at  the  base  of  this  roounuin,  is  immense. 
Sometimes  these  fragments  are  very  regular  in  their  forms ;  pro- 
ducing prisms  of  three,  four,  6ve,  be,  sides,  and  three  to  six  inches 
in  diameter.  (Nos.  ]  136,  1137,  1138.)  Again,  as  at  Titan's 
Pier,  described  in  the  second  part  of  my  Report,  concave  layers 
of  the  rock  (No.  1139)  cleave  off  from  the  upper  extremity.  A 
joint  of  this  description  will  sometimes  contain  several  quarts  of 
water;  and  I  have  seen  one  of  them  standing  by  a  farmer's  well, 
which  was  used  as  a  substitute  for  a  wash-bowl !  Upon  the  whole, 
1  am  of  opinion  that  the  form  of  these  exfoliations  depends  upon 
original  structure,  which  the  disintegrating  agents  above  mentioned 
reveal,  but  do  not  create. 

1  know  of  no  spot  where  so  good  a  view  of  the  ends  of  these 
greenstone  columns  can  be  obtained,  as  at  Titan's  Pier  above 
mentioned.  They  are  exhibited  to  the  best  advantage  on  the  west 
side  of  the  ridge,  where  it  passes  under  the  river:  and  at  low  wa« 
ter,  we  can  see  the  ends  of  the  columns  fonning  the  bottom  of  the 
river,  as  £ir  as  the  eye  can  reach.  The  following  sketch  repre- 
sents above  twenty  of  these  columns,  as  they  present  themselves 
at  low  water,"  and  close  to  the  water,  at  the  spot  just  mentioned. 
The  sides  were  not  measured  except  by  the  eye,  and  I  am  confix 
dent  that  there  is  quite  as  much,  probably  more  regularity  in  the 
columns  themselves,  than  in  the  drawing.  The  sides,  it  will  be 
seen,  vary  from  four  to  six.  The  upper  ends  of  these  columns 
are  considerably  convex  :  whereas  only  one  rod  farther  from  the 
water,  as  already  mentioned,  they  are  decidedly  concave.  And 
although  it  is  possible  that  in  the  first  case  the  form  might  have 
resulted  from  the  action  of  the  river,  yet  from  all  that  I  have 
seen,  I  much  doubt  whether  the  upper  or  lower  end  is  uniformly 
convex  or  concave. 
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Ends  of  Greenstone  Columns  at  Titan's  Pier. 

Both  at  Deerfield  and  at  Holyoke,  one  sometimes  meets  with 
columns  that  are  considerably  curved.  In*general  they  are 
not  perpendicular  to  the  horizon,  but  lean  from  10®  to  30o  towards 
the  east.  Hence  they  stand  about  perpendicular  to  the  strata  of 
sandstone  beneath. 

The  two  varieties  that  have  now  been  described  comprehend 
the  greater  part  of  the  grunttein  of  Werner^  the  diorite  of  Hauy, 
and  the  diabase  of  Al.  Brongniart.  These  writers,  however, 
mention  only  compact  feldspar  as  an  ingredient :  but  Dr.  Maccul- 
loch  very  properly  addscomtnon  feldspar. 

3.  Compact.  In  this  variety,  which  is  almost  entirely  homo- 
geneous  and  finely  granular  in  its  texture,  the  different  ingredients 
cannot  be  distinguished.  In  some  cases  it  is  probably  only  indu- 
rated clay,  or  wacke,  with  some  dark  coloring  matter :  in  other 
cases,  it  may  be  hornblende  and  feldspar,  completely  melted  to- 
gether. The  aspect  of  the  rock  approaches  closely  to  some  vari- 
eties of  basalt ;  but  it  is  doubtful  whether  we  have  any  trap  rock  in 
this  part  of  America,  which'  was  produced  at  the  same  epoch,  or 
is  composed  of  precisely  the  same  mixture,  as  the  European  basalt. 
The  variety  under  consideration  occurs  generally  in  the  form  of 
veins;  as  at  Nahant,  be.  ^os.  1140  to  1143.) 

4.  Chiefly  Greenish  Compact  Feldspar  1  This  is  a  beau- 
tiful rock  ;  but  its  characters  are  very  obscure.  Perhaps  it  ought 
to  be  described  under  porphyry :  but  its  great  resemblance  to  the 
traps,  has  led  me  to  place  it  here.  It  occurs  in  Essex  county  along 
with  sienite,  common  greenstone,  be.  (Nos.  1144  to  1147.) 

5.  Indurated  Clay.  This  variety  is  of  limited  extent ;  occur- 
ring only  at  the  junction  of  greenstone  and  shale ;  as  at  Titan's 
Pier.  In  aspect  it  approaches  to  hornstone ;  being  of  a  light  gray 
color.  In  the  same  mass  with  this  rock,  we  usually  find  angular 
pieces  of  compact  trap :  so  that  in  fact  it  might  have  been  described 
underprop  tufa,  (Nos.  1148  to  1150.) 
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6.  HofrJblende^  Augite  ?  and  Feldspar.  The  hornblende  in 
this  compound  is  in  crystalline  fragments ;  and  the  mineral  which 
I  suspect  to  be  augite,  is  of  a  greenish  aspect,  but  scarcely  crys- 
talline. The  feldspar  b  sometimes  foliated  and  in  small  quantity. 
It  occurs  only  at  Nahant,  a  little  distance  northwest  of  the  Hotel : 
and  the  most  remarkable  circumstance  in  relation  to  it,  is  its  appa* 
rent  regular  stratification.  This  is  the  only  instance  that  I  know 
of  in  Massachusetts  where  a  trip  rock  exhibits  those  parallel  di- 
visions. I  do  not|  however,  regard  them  as  real  strata,  for  reasons 
that  will  be  hereafter  mentioned.  (Nos.  1152  to  1155.) 

I  should  not  have  noticed  the  above  as  a  distinct  variety,  bad 
not  its  peculiar  aspect  excited  the  suspicion  that  it  might  be  a  do- 
leriie  of  the  geologists  of  continental  Europe.  I  do  not  feel  satis- 
fied what  is  its  real  composition ;  and  I  have  even  had  a  suspicion 
whether  it  may  not  be  the  hypersthene  rock  of  MaccuUocb. 

■7.  Porphyritic.  There  is  considerable  diversity  in  the  com  • 
position  of  the  rocks  included  under  this  term.  Their  characters 
and  situation  deserve  a  particular  notice,  since  they  are  frequently 
useful  for  ornamental  purposes.  (Nos.  1156  to  1164.) 

On  Cape  Ann  a  variety  occurs,  which  resembles  the  black  por- 
phyry of  the  ancients,  and  appears  to  be  the  trap  porphyry  of 
Werner,  and  the  melaphyre  of  Al.  Brongniart.  1  should  describe 
it  as  having  a  base  of  common  greenstone,  with  large  imbedded 
crystals  of  greenbb  foliated  feldspar.  Sometimes  these  crystals 
are  more  than  an  inch  in  diameter.  It  occurs  at  Sandy  Bay,  near 
the  village,  in  veins  in  sienite.  A  similar  rock  is  found  in  veins  at 
Marblehead,  according  to  the  Messrs.  Danas :  also  in  rolled  masses 
in  Dorchester,  Brookline,  and  Roxbury.  I  have  noticed  the  same 
rock  in  rolled  pieces  in  Easton,  except  that  the  feldspathic  crystals 
are  white.  (Nos.   1156,  1157.) 

In  Ipswich,  west  part,  I  found  a  rolled  mass  which  appears  to 
be  a  greenstone  with  numerous  foliated  masses  of  a  shining  black 
color,  which  I  at  first  suspected  to  be  feldspar :  but  I  am  satisfied 
that  they  are  £inn<Atn.  (No.  1159.) 

A  considerable  part  of  the  eastern  or  upper  side  of  the  green- 
stone in  the  Connecticut  valley,  is  very  different  in  its  composition 
from  the  principal  part  of  the  ridges.  The  basis  of  the  rock  is 
wacke^like ;  and  some  of  it  is  amygdaloidal,  and  some  of  it  por- 
pbyritic.  The  foliated  masses  of  feldspar,  however,  are  so  small 
and  so  numerous,  that  I  doubt  whether  it  might  not  with  quite  as 
much  propriety  be  reckoned  as  common  trap.  I  doubt  whether  it 
contains  any  hornblende.  Its  general  color  is  grav.  (Nos.  1163, 
1164.) 

Occasionally  we  meet  among  the  greenstone  of  that  part  of  the 
State,  with  other  varieties  that  are  more  or  lebs  porphyritic.  No. 
1 161,  from  Deerfield  has  a  compact  homogeneous  base,  nearly  of 
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the  color  of  brick,  with  a  few  small  imbedded  crystals  of  feldspar. 
It  is  found  in  the  same  mass  with  common  greenstone;  but  seems 
to  have  been  exposed  to  a  higher  degree  of  heat.  No.  1 160, 
from  Turner's  Falls,  has  a  variegated  base,  whose  nature  is  not 
obvious,  with  crystals  of  feldspar. 

8.  AmygdaloidaL  This  structure,  like  the  porphyritic^.  is 
found  in  nearly  all  the  varieties  of  greenstone  that  have  been  de- 
scribed. The  following  are  the  most  common  of  our  amygdaloids. 
(Nos.  1166  to  1175.) 

fVitk  a  bate  of  kombUnde  and  feldtpar :  the  first  variety  of 
greenstone  above  described.  I  have  never  seen  any  of  thb  amyg- 
daloid very  regularly  columnar :  still  it  very  frequently  exhibits  a 
coluumar  tendency.  And  it  is  a  curious  fact  that  the  cavities  often 
run  lengthwise  of  the  column,  and  are  parallel  to  one  another ;  so 
that  the  rock  resembles  a  block  of  wood,  which  worms  have  bored 
through  repeatedly  in  a  longitudinal  direction.  I  have  observed 
some  of  these  cavities  a  foot  or  two  in  length.  (No.  11 66.)  On 
account  of  the  compactness  of  this  rock,  these  cavities  are  usually 
filled  with  foreign  substances,  such  as  calcareous  spar,  chalcedony, 
quarts,  chabasie,  Lincolnite,  be  The  best  spot  that  1  know  of 
for  obtaining  specimens  of  this  rock,  is  one  mile  directly  east  of 
the  academy  in  Deerfield. 

In  the  same  ledge,  as  well  as  in  other  ledges,  the  amygdaloid 
abounds  in  spherical  or  spheroidal  cavities,  filled  with  quarts  or 
calcareous  spar. 

What  particular  causes  produced  these  difierent  forms  in  the 
cavities,  it  may  not  in  the  present  state  of  knowledge  be  possi- 
ble satisfactorily  to  ascertain.  That  they  were  all  produced  by 
an  elastic  fluid,  while  yet  the  rock  was  in  a  plastic  state,  seems  now 
generally  admitted.  Must  not  the  different  forms  which  they  have 
assumed,  be  imputed  to  inequality  of  pressure?  And  yet  the  air 
vesicles  in  a  mass  of  ice  exhibit  the  same  variety  of  shapes,  some 
of  them  being  cylindrical,  some  spheroidal,  and  some  spherical  : 
nor  can  we  in  this  case  impute  their  form  to  inequality  of  pressure. 
But  whatever  the  cause  be,  as  in  both  instances  the  effect  results 
from  refrigeration,  may  it  not  be  the  same  7 

The  most  usual  amygdaloid  in  the  Connecticut  valley  has  a  base 
which  appears  to  be  wacke.  It  occupies,  as  already  remarked, 
the  easterly  part  of  the  ridges  wherever  I  have  examined  them. 
For  the  most  part,  it  is  liable  to  partial  decomposition  to  a  con- 
siderable depth  fix>m  the  surface,  and  the  imbedded  minerals  have 
entirely  disappeared.  When  they  still  remain,  calcareous  spar  is 
the  most  common.  Not  unfrequently,  however,  foliated  chlorite 
occupies  most  of  the  cavities ;  and  sometimes,  as  at  Turner's  Falk, 
they  are  filled  with  chlorophoeite.  Green  earth,  or  earthy  chlo- 
rite, is  still  more  frequently  present.     Sometimes  the  base  is  of  a 
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reddish  hue ;  but  commonlj  of  an  earthy  gray.  In  such  cases 
the  rock  exceedingly  resembles  a  toad  in  appearance,  and  is  prob- 
•bly  similar  to,  if  not  identical  with  the  loadstone  of  some  of  the 
English  geologists.  When  the  cavities  are  empty,  the  lock  can 
banjly  be  distinguished  from  some  recent  lavas.  (Nx>s.  1170  to 
1174.) 

All  these  varieties  witli  a  wacke-like  base,  exhale  a  strong  ar* 
gillaceous  odour  when  breattied  upon. 

The  greenstone  in  the  eastern  part  of  the  State  is  rarely  amyg* 
dafoidal. 

9.  Concreted,  The  argillaceous  substance  above  described,  as 
forming  the  base  of  certain  amygdaloids,  sometimes  contains  nu^ 
merous  distinct  concretions  of  the  same  substance,  apparently  more 
indurated.  They  are  generally  spheroidal  ;  and  the  concentric 
cnists  not  more  than  a  line  in  thickness.  Sometimes  I  have  ob* 
served  the  central  nucleus  to  consist  of  a  rounded  mass  of  amyg« 
daloid  enveloped  by  coats  of  indurated  clay  or  wacke.  The  di'* 
ameter  of  these  concretions  is  sometimes  six  or  eight  inches  :  but 
usually  not  more  than  two  or  three.  They  sometimes  occu^  im- 
bedded in  the  next  variety  to  be  described.  Tlieir  most  abundant 
localities,  which  I  have  noticed  in  Massachusetts,  are  in  Deerfield, 
east  of  the  village,  and  oh  Mount  Holyoke,  near  the  road  from 
Amherst  to  Granby.      (Nos.  1 176, 1 177.) 

10.  TafACeoui.  This  embraces  alt  those  rocks  that  are  com- 
posed of  fragments  of  any  of  the  varieties  of  greenstone  that  have 
been  described  ;  whether  these  fragments  are  angular  or  rounded ; 
united  by  '  trap  sand,'  or  the  same  materials  in  a  comminuted  state. 
Sometimes,  however,  the  rock  consists  of  angular  fragments  of 
greenstone,  cemented  by  calcareous  spar.  In  this  case  it  is  obvi- 
ous that  the  spar  was  introduced  by  watery  infiltration,  after  the 
fragments  had  been  piled  together.  In  other  cases,  it  is  equally 
obvious  that  the  fragments  have  been  melted  together :  for  we  dis- 
tinguish the  different  materials  of  which  they  consist,  only  by  the 
different  colors ;  it  being  no  easier  to  separate  the  rock  along  the 
line  where  the  fragments  unite,  than  in  any  other  direction :  and 
I  do  not  suppose  it  possible  to  unite  fragments  so  iinnly  except  by 
fusion.     (Nos.  1178  to  1186,) 

Topography  of  the  Greenstone. 

The  parts  of  the  Stale  in  which  greenstone  occurs  in  sufficient 
quantity  to  be  noticed  on  a  Map,  are  only  two.  In  the  eastern 
and  northeastern  part  of  the  State,  it  will  be  seen  that  there  are 
extensive  ranges.  As  we  pass  beyond  the  graywacke  and  ai^illa- 
ceous  slate  that  encircle  Boston  on  the  north,  west,  and  south,  we 
usually  find  greenstone  to  be  the  predominant  rock.  Even  on  the 
south,  in  Milton,  i^c.  where  porphyry  is  represented  on  the  Map 
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as  succeeding  to  the  graywacke  and  clay  slate,  we  usually  meet 
with  narrow  masses  of  greenstone,  probably  in  some  cases  inter- 
posed among  the  layers  of  slate.  On  the  north  of  Bostoo,  in  the 
slate  of  Charlestown  particularly,  such  masses  or  beds  of  green- 
stone are  common  ;  and  some  of  them  so  large  that  I  have  noted 
two  of  them  on  the  Map.  In  this  slate  also,  as  well  as  in  the 
graywacke  in  other  places,  (as  at  Roxbury,)  the  greenstone  is 
found  in  veins.  At  Nahant  they  are  sometimes  forty  feet  thick, 
in  argillaceous  slate  and  sienite. 

If  we  proceed  from  Boston,  after  siriVing  the  deposit  of  green- 
stone aboved  named,  we  shall  soon  find  that  it  is  passing  into  sien- 
ite, and  mixed  with  sienite  in  almost  every  conceivable  mode.  In 
one  place  the  greenstone  seems  to  form  a  distinct  vein  in  the  sien- 
ite, the  two  rocks  being  well  defined  at  their  line  of  junction.  In 
another  place,  the  sienite  seems  to  form  veins  in  the  greenstone ; 
although  in  such  cases  it  is  no  easy  matter  to  determine  which 
rock  should  have  the  posteriority  :  But  from  the  general  fact, 
which  I  think  obvious  in  this  region,  that  the  greenstone  has  been 
produced  subsequently  to  the  sienite,  I  think  we  should  be  cautious 
in  reversing  this  order  without  good  evidence.  In  some  cases, 
however,  we  meet  with  a  reddish  sienite  containing  numerous  and 
isometimes  large  angular  and  rounded  fragments  of  greenstone.  I 
give  a  rough  sketch  below,  of  one  of  these  cases,  which  I  observed 
in  Marblehead,  a  little  west  of  the  town.  In  this  case  tbe  base 
of  the  rock  is  rather  a  red  granite  than  sienite,  being  entirely  des- 
titute of  hornblende. 


Granite  and  Greenstone:  Marblehead, 

Instances  similar  to  this  are  to  be  seen  every  where  in  the  re- 
gion under  consideration.  And  they  certainly  appear  as  if  the 
greenstone  had  been  partially  melted  down  in  the  granite  ;  though 
the  heat  was  not  great  enough  to  complete  the  fusion.  Or  rather, 
may  it  not  be  probable,  that  the  perfect  fusion  of  the  rock  out  of 
which  those  unstratified  ones  were  produced,  gave  rise  to  the  gran- 
ite :  while  those  portions  that  were  not  so  entirely  fused  as  to  ad- 
mit of  entirely  new  and  perfect  combinations  and  crystallizationsi 
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might  have  formed  those  portions  of  the  rock  which  I  call  green- 
stone, although  some  of  it  might  as  well  perhaps  be  denominated 
sienite.  I  am  aware  that  it  is  not  yet  well  ascertained,  how  the 
same  materials  should  at  one  time  have  produced  granite,  at  an- 
other sienite,  at  another  porphyry,  and  at  another  greenstone.  But 
some  other  facts  which  I  have  noticed  on  this  subject,  and  which 
will  be  detailed  in  speaking  of  granite,  render  it  somewhat  proba- 
ble that  the  more  or  less  perfect  fusion  of  the  materials  may  have 
been  the  principal  cause.  According  to  this  hypothesis,  we  might 
explain  how  it  happens  that  greenstone  and  sienite  for  the  most 
part,  were  produced  since  the  formation  of  granite.  For  geology 
furnishes  abundant  evidence  that  the  temperature  of  the  interior  of 
the  earth  has  been  gradually  sinking,  since  the  commencement  of 
these  processes.  And  then  again,  the  later  any  rock  was  erupted, 
the  less  chance  it  has  had  for  undergoing  a  second  fusion,  which,  it 
may  be,  is  all  that  is  necessary  to  convert  it  into  some  usually  de- 
scribed as  older  variety  of  rock.  However^  I  will  not  dwell  upon 
a  suggestion  that  is  so  very  hypothetical. 

As  we  proceed  farther  from  Boston,  the  sienite  increases  and  the 
greenstone  decreases  in  quantity,  and  we  begin  to  find  granite  des- 
titute of  hornblende,  which  at  length  often  becomes  extremely 
coarse;  as  in  Billerica,  Andover,  &c.  The  greenstone,  however, 
occasionally  appears  associated  with  the  perfect  granite,  as  with 
the  sienite ;  though  I  do  not  recollect  any  instance  where  the  pass- 
age from  the  greenstone  to  the  granite  is  gradual,  as  is  the  case 
between  greenstone  and  sienite.  Generally  the  greenstone  forms 
veins  in  the  granite.  I  have  sometimes  traced  them  not  more  than 
a  foot  or  two  wide  for  several  rods,  (as  in  Weymouth,)  retain- 
ing their  direction  and  width  with  almost  mathematical  exactness. 

In  the  manner  that  has  now  been  described,  is  the  greenstone  of 
the  eastern  part  of  the  State  intermingled  with  its  unstratified  asso- 
ciates, as  the  youngest  member  of  the  group.  To  mark  out  the  pre- 
cise limits  of  this  rock  in  that  section  would  require  immense  la- 
bor, both  on  account  of  the  great  quantity  of  diluvium  that  overlies 
the  rocks,  and  the  difficulty  of  drawing  the  line  in  all  cases  between 
greenstone  and  sienke.  Nor,  if  it  be.  correct  that  all  these 
unstratified  rocks  are  mere  varieties  of  the  same  family  would  such 
a  demarcation  be  of  any  great  use ;  although  I  could  wish  to  see  it 
done  ;  since  in  that  way  many  facts  might  be  brought  to  light  im- 
portant to  geology. 

Rarely  does  the  greenstone  under  consideration  form  ridges  or 
elevations  of  any  considerable  height.  In  Weston,  Waltham,  Lin- 
coln, Lexington,  and  West  Cambridge,  this  formation  attains  its 
greatest  elevation ;  which  is  never  as  much  as  500  feet  above  the 
ocean. 
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The  greater  part  of  the  greenstone  under  consideratioa  b  ex- 
ceedingly hard  and  compact,  and  the  ingredients  are  with  difficuhy 
distinguished.  When  passing  to  sienite,  howeveri  they  become 
coarse  and  highly  crystalline.  Very  frequently  the  rock  has  a 
j(reenish  aspect,  from  a  quantity  of  epidote  which  is  disseminated 
Ml  it,  or  forms  narrow  veins,  or  a  coating  upon  the  surface.  It  is 
not  common,  except  where  it  is  associated  with  the  gray  wacke,  to 
see  it  exhibit  that  brown  dirty  aspect  so  common  in  the  trap 
rocks  of  posterior  date. 

Occasionally  we  find  examples  of  a  slaty  structure  in  this  green« 
atone.  And  it  must  be  regarded  as  really  a  slaty  structure,  not 
the  result  of  a  concretionary  deposition.*  For  the  slate  generally 
appears  to  be  genuine  hornblende  slate,  sometimes  rather  less  crys- 
talline, however,  than  that  rock  pnerally  is.  I  recollect  at  this 
moment  but  three  places  where  this  slaty  greenstone  was  observed  : 
viz.  in  Lincoln,  on  the  turnpike  between  Andover  and  Boston  in 
Stoneham,  and  near  the  line  between  Reading  and  Wilmington. 
In  a  theoretical  point  of  view  this  fact  seems  to  me  important ;  and 
I  shall  recur  to  it  in  the  sequel. 

Variety  No.  4.  that  has  been  described  on  a  preceeding  page,  is 
found  in  connection  with  sienite,  a  mile  or  two  north  of  BySeld 
Academy.  Near  the  academy  we  Gnd  red  compact  feldspar :  but 
1  do  not  know  that  this  is  at  all  connected  with  the  greenstone.  On 
the  north  side  of  the  Merrimack  river,  in  Salisbury,  opposite  New- 
buryport,  this  same  variety  of  rock  occurs  in  juxtaposition  with 
sienite.'  Its  aspect  not  a  little  resembles  the  varioloid  wacke  in 
Saugus ;  and  I  am  not  without  strong  suspicions  that  it  may  be 
the  same  rock  highly  indurated.  And  it  strengthens  this  suspicion 
to  find  that  sometimes  in  Newbury  it  exhibits  a  varioloid  $truc- 
tujre. 

The  Map  exhibits  the  most  northerly  of  the  greenstone  ranges 
in  the  Connecticut  valley  with  which  I  am  acquainted ;  though  in 
Vermont  and  New  Hampshire  in  this  valley,  greenstone  occurs  in 
connection  with  argillaceous  and  mica  slate  ;  but  probably  this  is  a 
variety  of  hornblende  slate.  The  greenstone  which  1  am  now  de- 
scribing, is  associated  with  the  new  red  sandstone  ;  and  ridges  of 
it  may  be  seen  extending  almost  uninterruptedly  from  New  Haven, 
Ct.  to  the  north  line  of  Massachusetts.  The  principal  ridge  com- 
mences with  West  Rock,  at  New  Haven,  and  extends  from  thence, 
almost  in  a  right  line,  to  Mount  Tom  in  Massachusetts.  In  Con- 
necticut several  other  ridges  and  hummocks  of  this  rock  exist  to 
the  east  of  this  principal  one ;  as  may  be  seen  on  a  geological  map 
of  the  Connecticut  valley,  which  I  prepared  for  the  6th  volume  of 
the  American  Journal  of  Science. 

♦Dr.  MaccuUoch,  however,  regards  the  slaty  stracture  as  a  variety  of  the  con- 
cretionaty. 
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The  principal  greenstone  ric^e  above  noticed,  crosses  the  Con- 
necticut river  between  Holyoke  and  Tom,  and  curving  to.¥ards  the 
oast,  terminates  in  the  north-west  part  of  Belchertown.  At  the 
soutbeiti  extremity  of  Mount  Toby,  however,  we  meet  with  anoth- 
er much  more  diminutive  ridge,  or  dike  of  this  rock,  which  ahnost 
coincides  in  direction  with  the  meridian  through  Sunderland,  and 
croQ»ing  the  Connecticut  river  near  the  north  line  of  that  town, 
rises  in  Deer6e]d  to  a  much  greater  altitude,  forming  the  eastern 
half  of  that  range  of  bills  which  occupies  the  eastern  part  of  that 
town  and  Greenfield.  In  Deerfield  the  eastern  side  of  the  green- 
stone is  very  gentle  in  its  slope,  and  precipitous  on  its  west  side. 
But  in  Greenfield,  although  the  western  side  continues  to  present 
a  mural  face,  its  eastern  side  also  is  very  steep ;  being  washed  by 
the  waters  of  the  Connecticut.  This  ridge  terminates  at  Turner's 
Falls  in  Greenfield.  Another  parallel  ridge  commences  at  the 
same  place,  only  a  few  rods  distant  but  on  the  opposite  side  of  a 
small  river,  (Fall  river,)  in  Gill,  and  extends  niore  than  a  mile  to- 
wards the  centre  of  that  town.  Beyond  the  extremity  of  this 
ridge,  I  have  not  found  any  greenstone  except  that  which  I  have 
described  as  a  member  of  the  hornblende  slate  formation.  A  de- 
posit of  this,  as  may  be  seen  by  the  map,  commences  in  the  north 
part  of  Gill,  only  three  or  four  miles  north  of  the  point  where  the 
greenstone  already  described  terminates. 

The  external  aspect  of  the  greenstone  in  the  Connecticut  valley, 
is  very  difierent  from  that  of  the  same  rock  in  the  eastern  part  of 
the  State.  Much  of  the  latter  is  of  a  dark  color,  or  when  exam- 
ined nearer,  of  a  green  aspect,  from  the  presence  of  epidote.  But 
the  former  almost  universally  exhibits  a  gray  or  iron  rust  color, 
either  from  incipient  decomposition,  or  from  the  presence  of  oxide 
of  iron. 

The  most  common  variety  of  the  greenstone  in  the  Connecticut 
▼alley  is  a  fine  grained  mixture  of  hornblende  and  feldspar.  This 
is  sometimes  columnar,  as  already  described.  Not  unfrequently 
too,  it  is  amygdaloidal ;  though  the  more  perfect  this  structure,  the 
less  perfect  the  columnar.  Trap  tuff  is  also  much  more  frequent 
than  I  forroeriy  supposed.  Sometimes  we  find  a  ii^ass  of  it  over- 
laying a  mass  of  columns;  and  sometimes  it  forms  an  irregular  lay- 
er between  tbe  ends  of  successive  stories  of  columns.  A  mile 
east  of  tbe  village  in  Greenfield,  a  variety  of  tufif  constitutes  a  large 
part  of  a  ledge  of  greenstone,  which  in  some  places  is  more  than 
a  hundred  feet  high.  I  have  observed  this  rock  on  the  west  side 
of  Mount  Tom.  also  on  Holyoke,  aud  various  other  places,  It 
must  be  carefully  distinguished  from  tbe  trap  cofighmerate^  that 
has  been  already  described  as  a  member  of  the  new  red  sandstone 
fonnation,  lying  upon  the  eastern  side  of  Mount  Holyoke  and 
Tom.     The  real  trap  tuff  contains  no  fragments  of  sandstone  ; 
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whereas  in  the  trap  conglomerate,  the  sandstone  usually  forms  the 
cement.     But  the  two  rocks  obviously  pass  into  each  other. 

The  boldness,  and  wildness  of  the  scenery  in  the  Connecticut 
valley  result  principally  from  the  greenstone  ridges  that  have  been 
described.  The  summits  of  these  are  often  very  irregular,  owing 
to  the  peculiarity  of  the  mode  in  which  they  were  produced,  or  to 
subsequent  abrasion  by  water. 

In  those  portions  of  the  State  that  are  composed  of  gneiss,  par- 
ticularly in  Worcester  county,  we  frequently  meet  with  bowlders 
of  a  rock  that  appears  when  broken,  exceedingly  like  the  unstrati- 
fied  greenstone  that  has  been  described.  It  is,  however,  more 
decidedly  crystalline  in  its  structure  ;  yet  I  am  inclined  to  believe 
that  it  ought  to  be  regarded  as  unstratiGed  greenstone :  certainly 
near  the  west  line  of  Pelham,  where  is  a  bed  of  considerable  ex- 
tent. The  erratic  blocks  are  often  two  or  even  three  feet  in  diam- 
eter ;  and  in  the  bed  is  no  appearance  of  stratification.  In  two 
instances,  (in  Rutland  and  near  the  mouth  of  Miller's  river,  in  Mon- 
tague,) I  have  met  with  genuine  veins  of  greenstone  in  gneiss ;  in 
neither  case,  however,  of  much  width ;  in  the  latter  about  two 
feet. 

Under  talcose  slate  I  have  mentioned,  on  the  authority  of 
Mr.  A.  B.  Chapin,  a  ledge  of  greenstone  connected  with  that 
rock  in  Somers,  Ct.  That  gentleman  informs  me,  also,  that  trap 
(greenstone)  occurs  in  several  places  in  Connecticut  on  the  east 
side  of  Connecticut  river ;  as  in  the  southeast  part  of  Manchester, 
and  the  eastern  part  of  Glastenbury  ;  where  it  contains  copper 
ore :  also  near  the  church  in  Vernon,  in  Bolton,  and  in  Som- 
ers.  Mr.  Chapin  rather  inclines  to  the  opinion  that  these  are 
points  of  a  continuous  range,  extending  northerly  from  Wethers- 
field,  and  connected  with  the  new  red  sandstone.  But  since  that 
at  Somers  is  associated  with  talcose  slate,  I  am  suspicious  that  at 
all  these  places  it  may  be  connected  with  primary  rocks ;  and  in 
fact  belong  to  a  hornblende  slate  formation  ;  though  I  doubt  not 
but  it  is  genuine  greenstone.  Whether  it  be  connected  with  pri- 
mary or  secondary  rocks,  is  of  little  consequence,  except  so  far  as 
relates  to  the  epoch  of  its  production.  At  present  I  am  disposed 
to  believe  that  beds  or  irregular  masses  of  greenstone  are  much 
more  common  than  I  had  formerly  supposed,  along  the  western 
margins  of  that  talus  of  primary  rocks,  which  forms  the  eastern 
margin  of  the  valley  of  the  Connecticut.  Sometimes  these  beds 
are  in  talcose  slate,  as  in  Somers ;  sometimes  in  gneiss,  as  in  Pel- 
ham  ;  and  doubtless  sometimes  in  other  rocks.  But  they  are  al- 
ways quite  distinct  from  the  trap  ranges  of  that  valley  described 
above. 
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Situation  of  our  Oreeruione  in  relation  to  other  Bx>ck$. 

This  subject  has  been  necessarily  somewhat  anticipated.  But  a 
more  particular  statement  of  facts  concerning  it  seems  desirable. 

It  has  already  been  stated  that  our  unstrati6ed  rocks  occur  in 
three  modes :  first,  as  protruding  irregular  masses :  secondly,  as 
overlying  masses ;  and  thirdly,  as  veins.  The  fii*st  and  last  modes 
are  most  common. 

Since  most  of  the  greenstone  in  the  eastern  part  of  the  State  is 
not  connected  with  stratified  rocks,  it  must  be  referred  to  the  first 
of  these  modes ;  except  in  those  comparatively  few  instances,  where 
it  forms  veins  in  the  other  unstratified  rocks.  1  have  never  been 
able  to  find  a  satisfactory  example,  in  which  the  greenstone  distinct- 
ly overlies  either  porphyry,  sienite,  or  granite  ;*  although  in  numer- 
ous instances  1  have  found  a  gradual  passage  from  this  rock  into 
the  two  latter.  But  this  is  as  likely  to  take  place,  laterally  as  in  a 
vertical  direction.  Examples  of  this  gradual  transition  between  these 
rocks  arc  common  south  of  the  Blue  Hills,  as  in  Randolph,  Stough- 
ton,  be.  • 

Wherever  I  have  seen  this  rock  associated  with  the  graywacke 
and  argillaceous  slate  in  the  eastern  part  of  the  State,  it  either  oc- 
cupies veins,  or  protrudes  itself  in  some  other  form,  among,  or  be- 
tween the  strata.  Professor  Webster,  however,  says,  that  it  is 
sometimes  superincumbent  upon  the  clay  slate  in  Charlestown.f 
It  has  there  also  the  appearance  of  being  regularly  interstratified 
with  the  slate.  But  I  am  satisfied  that  this  is  a  deception  ;  that 
is  to  say,  these  supposed  beds  are  connected  with  some  unstratified 
masses.  Yet  I  think  it  extremely  probable  that  some  of  the 
greenstone  in  the  vicinity  of  Boston  has  resulted  from  the  fusion 
of  clay  slate;  and  perhaps  it  is  possible  that  a  particular  portion  of 
the  slate  might  be  converted  into  greenstone,  while  that  around  it 
might  remain  but  little  changed ;  and  in  such  a  case,  the  rock 
might  at  the  surface  appear  interstratified  with  the  other.  In  such 
a  case,  however,  we  should  rather  expect  that  the  slate  would  be 
converted  into  hornblende  slate  :  and  Professor  Webster  says  that 
some  of  the  clay  slate  in  Charlestown  does  pass  into  hornblende 
slate  :  and  I  would  remark  that  much  of  the  greenstone  in  the  vicin- 
ity of  Boston  resembles  exceedingly  that  variety  which  is  associated 
with  hornblende  slate  :  indeed,  as  already  stated,  some  of  it  is  as- 
sociated with  hornblende  slate.  But  for  the  most  part  it  appears  to 
have  been  subject  to  so  entire  a  fusion  that  the  schistose  and  strat- 
ified structure  is  lost ;  and  hence  it  seems  most  proper  to  describe 
it  as  unstratified  greenstone:  although  if  it  be  true  that  all  green- 

•Profcssor  Webster  says  that  it  overlies  compact  feldspar  in  Charlestown;  Bos- 
ton Jouraal  of  Philosophy,  vol.  1.  p.  282. 

tBost.  Jonrnal  Philosophy,  vol.  1.  p.  285. 


Digitized  by  CjOOQ IC 


412  Sdentifie  Geology. 

stone  resuItB  froai  the  same  t ouroe  as  borableiidd  slate,  it  auiy  be 
difficult  io  some  cases  to  distinguish  between  them. 

Prosessor  Webster,  in  his  excellent  account  of  the  geology  of 
the  region  around  Boston,  states  that  the  veins  of  greenstone  in  the 
graywacke  conglomerate  of  that  vicinity,  run  about  10^  W.  of 
South,  and  10^  E.  of  North.  All  such  veins  are  probably  of  near- 
ly cotemporary  origin  :' their  parallelism  being  eiplicable  only  on 
the  supposition  of  their  having  been  produced  by  the  same  cause. 

The  promontory  of  Nahant  presents  an  interesting  exhibitioD  of 
greenstone  veins,  both  in  the  argillaceous  shite  and  the  sienite.  I 
nave,  however,  described  these  veins  so  fully  under  graywackei 
that  a  few  more  facts  only  need  be  added.  Only  a  small  remnant 
of  the  slate  remains  upon  this  promontory :  and  this  is  intersected 
by  so  many  and  so  large  veins,  that  nearly  one  half  of  the  surface 
is  greenstone.  And  yet  the  layers  of  the  slate  appear  to  have 
been  but  little  thrown  out  of  their  original  position  :  for  their  dip 
and  direction  correspond  essentially  with  those  of  the  same  rock  in 
other  places.  In  such  cases  it  seems  to  me  impossible  that  the 
slate  should  have  been  solid  at  the  time  the  greenstone  was  intrud- 
ed among  it,  unless  we  suppose  it  to  have  been  cut  through  with 
numerous  fissures :  and  occurrence  which  in  the  present  case  is 
hardly  probable ;  since  some  of  the  veins  are  ten  feet  thick,  and 
quite  numerous:  and  1  cannot  conceive  how  mere  desication 
should  have  produced  such  fissures.  But  I  can  conceive  how 
melted  matter  may  have  been  forced  through  unconsolidated  clay, 
without  disturbing  it  latterly  but  a  short  dbtance :  and  perhaps  this 
was  the  mode  in  which  the  veins  at  Nahant  were  introduced.  If 
so,  it  is  probable  that  the  consolidation  of  the  sjate,  and  even  its 
conversion  into  flinty  slate,  might  have  resulted  from  this  intru- 
sion. 

There  b  one  fact,  however,  that  rather  militates  against  such  a 
supposition.  We  find  there  two  sets  of  veins ;  one  of  which  in- 
tersects the  other ;  and  penetrates  the  adjoining  slate.  We  here 
trace  distinctly  three  epochs  of  formation  of  the  slate  and  green- 
stone. First  the  slate,  secondly  the  veins  that  intersect  it,  and  are 
themselves  intersected  by  other  veins :  thirdly,  those  veins  that 
cross  both  the  first  named  veins  and  the  slate.  As  to  the  intervals 
between  the  production  of  these  three  varieties  of  rock,  we  can 
scarcely  form  a  conjecture.  The  slate  having  been  deposited  ori- 
ginally from  water,  must  have  required  a  period  of  considerable 
length,  previous  to  its  consolidation :  But  the  two  sets  of  veins 
might  have  been  introduced  almost  simultaneously  ;  since  this 
might  have  resulted  from  two  paroxysmal  efibrts  of  the  same  erup- 
tive force. 

The  greenstone  occupying  these  veins  at  Nahant,  varies  in  tex- 
ture from  the  finest  siliceous  slate,  to  coarse  sienite.     The  veins 
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sometimes  run  parallel  to  the  strata,  and  would  be  regarded  by 
some  geologists  as  regularly  interstratified  with  the  slate.  And 
they  would  be  confirmed  in  this  opinion  by  the  apparently  dbtinct 
stratification  of  one  of  the  varieties  of  the  greenstone  on  this 
promontory,  particularly  at  a  place  about  fifty  rods  northwest  of 
the  large  hotel.  The  rock  here  is  coarse  and  appears  to  be  pass- 
ing into  sienite :  It  is  divided  into  parallel  portions  by  seams  a  few 
inches  apart ;  and  looking  only  to  this  spot,  I  do  not  see  why  the 
evidence  of  stratification  is  not  almost  complete.  But  if,  as  an 
almost  universal  fact,  greenstone,  sienite,  and  granite,  are  certainly 
not  stratified,  it  is  a  presumptive  evidence  that  they  never  are  so : 
Apparent  exceptions  it  is  reasonable  to  explain  on  other  principles. 
And  in  the  present  case,there  is  a  principle  that  may  afford  a  solu- 
tion of  such  a  case  as  that  mentioned  above.  I  refer  to  the  for- 
mation of  concretions  in  the  unstratified  rocks.  That  they  are 
frequently  formed  in  all  the  varieties  of  these  rocks,  the  records 
of  geology  will  testify.  Usually,  however,  they  are  only  a  few 
feet,  or  a  few  inches  in  diameter.  But  what  reason  can  be  ad- 
duced why  they  may  not  be  produced  of  mountainous  bulk  ?  Their 
origin  is,  indeed,  obscure  :  but  probably  their  formation  depends 
upon  some  modification  of  the  laws  of  crystallization.  And  if  so, 
who  can  tell  through  how  large  a  mass  of  matter  these  laws  may 
operate.  In  an  example  of  apparent  stratification  in  our  granite, 
which  I  shall  shortly  describe,  we  have  an  opportunity  of  ascer- 
taining that  the  layers  are  of  a  spheroidal  form,  although  they 
cover  a  mountain  of  no  inconsiderable  size.  And  in  all  cases 
which  I  have  met  with,  it  is  only  a  part  of  the  rock  that  is  appa- 
rently stratified.  This  is  the  case  at  Nahant.  There  must  then 
have  been  a  peculiarity  in  the  cause  that  could  thus  have  affected 
one  portion  of  the  formation  and  not  another.  In  some  instances 
I  have  explained  a  partial  and  non-continuous  stratification  in  rocks, 
(ex.  gr.  limestone  and  hornblende  slate,)  by  supposing  one  part 
entirely,  and  the  other  only  partially  melted.  But  in  the  rocks 
under  consideration,  the  division  of  the  pseudo-strata  is  too  distinct 
to  admit  of  such  an  explanation  :  while  the  schistose  structure  is 
always  wanting.  Upon  the  whole,  it  seems  to  me  that  in  the  pres- 
ent state  of  our  knowledge,  sound  philosophy  requires  that  appa- 
rent stratification  in  rocks  usually  unstratified,  should  be  regarded 
only  as  examples  of  a  concretionary  structure. 

The  geologist  who  may  have  occasion  to  spend  several  days  at 
Nahant,  will  do  well  to  give  the  spot  a  very  thorough  examination. 
I  do  not  flatter  myself  that  I  have  brought  to  light  all  the  interest- 
ing facts  which  may  be  there  developed ;  although  I  have  exhibit- 
ed enough  to  show  it  to  be  an  interesting  field  for  research. 

The  protrusion  of  the  unstratified  rocks  through  the  stratified 
ones  by  internal  igneous  agency,  now  admitted  by  most  geologists, 
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has  led  obsenrers  to  examioe  carefully  for  evidences  of  nteebanical 
diaturbanee  near  the  line  of  contact.  They  have^  I  beliere,  found 
less  proof  of  such  disturbance  by  tbe  intrusion  of  greenstone,  than 
in  tbe  case  of  the  older  rocks,  as  sienite  and  gnnite.  Every  such 
case,  therefore,  deserves  to  be  noticed.  If  I  mistake  not,  the  fol- 
lowing sketch  of  a  vein  of  greenstone  in  ai^llaceous,  slate  is  an 
example  of  this  sort.  The  dike  is  about  10  feet  thick,  and  the 
general  dip  of  the  layers  of  slate  in  the  quarry,  is  about  30°  south- 
east. But  as  shown  in  the  figure,  near  the  greenstone  it  is  consid- 
erably curved  upwards  in  the  contrary  direction.  The  quarry, 
where  this  example  occurs,  is  about  half  a  mile  north  of  the  Pow- 
der House  in  Charlestown. 


Qreenstone  Dyke  in  Cla>iSlate:  Gliarlflstown. 

For  the  most  part,  tbe  greenstone  in  tbe  valley  of  the  Coonec- 
ticut,  is  interposed  in  thick  masses  or  beds,  between  the  strata  of 
sandstone.  In  Massachusetts  I  have  never  met  with  a  mass  of 
this  rock  which  I  have  regarded,  strictly  speaking,  as  superincum- 
bent: though  in  Connecticut,  such  examples  are  said  frequently 
to  occur.  And  I  am  apprehensive  that  not  a  few  geologists  would 
describe  Holyoke  and  Tom  as  instances  of  overlyins  rocks.  For 
on  examining  their  western  precipitous  iisu^es,  we  frequently  find 
the  sandstone  cropping  out  beneath  the  greenstone  :  and  if  we  go 
to  the  other  side  of  these  ridges,  it  is  rare  that  we  find  the  sand- 
stone lying  upon  the  greenstone.  Yet  this  is  sometimes  the  case ; 
and  the  sandstone  always  appears  at  no  great  distance  in  the  val- 
ley, having  such  a  dip  as  would  cause  it  to  rise  above  the  green- 
stone. I  hence  infer,  that  originally,  nearly  all  the  greenstone 
was  interposed  between  the  strata  of  sandstone ;  and  that  subse- 
quent abrasion  has  removed  the  latter  rock.  Even  in  those  cases 
where  we  find  insulated  masses  of  the  trap  lying  upon  the  sand- 
stone, there  is  reason  for  supposing  that  it  is  the  wreck  of  one  of 
these  interposed  masses  :  disintegration  and  abrasion  having  efiSdCt- 
ed  the  destruction  of  the  other  portions  of  both  the  rocks. 

At  Turner's  Falls,  Connecticut  river  has  disclosed,  between 
Montague  and  Gill,  an  interesting  section  across  tbe  sandstone  and 
greenstone,  not  less  than  three  miles  long.  In  the  6tb  Vol.  of  the 
Am.  Journal  of  Science,  I  inserted  a  very  detailed  view  of  tbis 
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section ;  but  baviDg  exunioed  it  wceuthf  with  more  care,  I  shall 
gJFe  a  corrected  sketch ;  which,  though  less  particular,  will  I  trust 
be  found  more  accurate  and  instructive.     It  commences  on  the 
western  side  of  the  greenstone  ridge  against  which  Connecticut 
river  impinges,  a  little  below  Turner's  Falls,  and  by  which  its 
course  b  changed  from  northwest  to  south.     At  the  western  base 
of  this  ridge,  the  sandstone  crops  out  beneath  the  greenstone,  dip- 
ping perhaps  90^  or  25^  east.      After  passing  easterly  over  this 
ridge,  we  find  at  the  mouth  of  Fall  River,  another  variety  of  the 
sandstone,  mounting  upon  the  greenstone  at  an  angle  of  about 
45* ;  that  is,  dipping  easterly  by  that  quantity,  and  running  nearly 
north  and  south,     ^(oceeding  in  the  same  direction,  the  sandstone 
continnes  only  a  few  rods,  perhaps  15,  when  we  find  it  on  the 
north  shore  of  the  Connecticut  river  passing  under  another  ridge 
of  greenstone,  15  or  90  rods  thick.     On  the  east  side  of  this 
second  ridge,  we  find  a  similar  variety  of  slaty  sandstone  dipping 
about  50^  east.     Several  varieties  of  sandstone,  some  red,  some 
gray,  some  fine  grained,  and  some  coarse  grained,  appear,  as  we 
pass  along  the  same  shore,  with  a  dip  between  40^  and  5Uo  east, 
for  more  than  a  mile.    There  we  strike  a  somewhat  more  elevated 
ridge,  which  appears  on  both  banks  of  the  river,  consisting  of  a 
brecciated  indurated  sandstone,  described  among  the  varieties  of 
new  red  sandstone,  whose  strata  are  somewhat  saddle  shaped  on 
the  north  shore,  though  quite  indistinct.      Beyond  this  point  the 
shores  for  some  distance  are  less  bold,  and  no  rock  is  visible  for 
half  a  mile.    When  it  again  appears,  the  direction  of  the  strata 
becomes  east  and  west,  and  the  dip  from  30^  to  40^  south.  Hence 
only  the  horizontal  edges  of  the  strata  can  be  shown  on  the  sec- 
tion.    But  when  we  come  within  100  rods  of  the  mouth  of  Mil- 
ler's river,  the  sandstone  slate  or  shale  is  suddenly  bent  upwards 
several  degrees  on  its  eastern  edge,  so  as  to  dip  westerly.     On  the 
southern  bank  the  very  spot  where  the  flexure  takes  place  b  visi- 
ble.    Advancing  towards  the  mouth  of  Miller's  river,  the  westerly 
dip  rapidly  increases,  and  within  a  few  rods  it  approaches  90^. 
Then  for  a  considerable  distance  succeeds  a  coarse  oonglomeratei 
in  which  I  could  perceive  no  marks  of  stratification.     For  a  few 
rods  beyond  this  rock,  diluvium  hides  the  rock  in  place,  and  then, 
before  reaching  Miller's  river,  we  strike  a  formation  of  gneiss, 
hornblende  slate,  and  mica  slate,  with  granitic  gneiss  and  granite, 
which  constitute  the  western  margin  of  the  gneiss  range  of  Wor- 
cester county.    The  strata  of  these  rocks,  at  the  mouth  of  Miller's 
river,  and  on  the  east  bank  of  the  Connecticut,  (for  we  have  now 
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reached  the  spot  where  this  rirer  runs  southerly ,)  run  a  little  west 
of  south  and  east  of  north,  and  dip  to  the  west  between  30^  and 
40o. 


\fe$t. 


Section  between  Montagiie  and  Gill. 


It  will  be  perceived  that  the  above  section  is  intended  to  em- 
brace every  thing  important  on  both  banks  of  Connecticut  river, 
and  is  not  meant  toi)e  geometrically  accurate.  Those  parts  which 
are  the  most  interesting  occupy  more  than  their  proper  proportion 
of  the  distance ;  but  this  produces  no  geological  error.  The  part 
of  the  section  most  likely  to  produce  an  erroneous  impression,  is 
where  the  sandstone  strata  are  represented  by  horizontal  lines  :  for 
these  strata,  as  already  stated,  do  in  fact  dip  30^  to  40^  south. 
This  change  in  the  direction  of  the  strata  appears  to  result  from 
the  fact  that  the  greenstone  ridges,  towards  the  western  extremity 
of  the  section,  with  the  accompanying  sandstone,  take  a  north- 
easterly direction  for  two  or  three  miles,  rising  into  considerable 
hills,  and  forming  an  axis  of  elevation,  to  which  the  strata  just  re- 
ferred to  are  in  a  measure  conformable.  Not  improbably  also,  the 
elevating  force,  which  has  acted  on  the  side  of  the  gneiss  and 
granite,  may  have  operated  in  wheeling  these  central  strata  still 
farther,  so  as  to  bring  their  direction  nearly  east  and  west. 

In  another  place  I  shall  refer  to  the  important  bearing  which 
this  section  has  upon  the  theory  of  the  origin  of  our  greenstone : 
but  in  this  place  I  wish  to  show  more  particularly  the  relative  sit- 
uation of  the  greenstone  and  sandstone.  It  will  be  seen  that  the 
former  occurs  in  somewhat  wedge-shaped  masses,  between  the 
strata  of  the  latter,  and  I  believe  that  the  above  section  represents 
the  mode  in  which  nearly  all  the  greenstone  in  the  Connecticut 
valley  occurs.  On  the  western  slope  of  Mount  Toby,  in  Sunder- 
land, we  find  a  narrow  strip  of  the  greenstone  interposed  between 
the  sandstone  strata ;  although  I  cannot  say  that  it  is  wedge-shaped ; 
the  opportunities  for  ascertaining,  the  dip  being  very  poor.  Along 
the  western  and  northwestern  face  of  Mount  Holyoke,  however, 
we  meet  with  the  sandstone  in  several   places,  (although  not  very 
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easy  to  find,)  passing  under  the  greenstone  with  a  dip  of  15o  or  30°. 
On  the  opposite  side  of  the  mountain  the  strata  are  sometimes 
found  elevated  50°  and  even  60^ ;  as  may  be  seen  where  the  stage 
road  from  Northampton  to  Belchertown  crosses  the  greenstone 
ridge ;  and  as  we  recede  from  this  ridge,  towards  the  east,  or  south- 
east, the  dip  diminishes.  In  the  west  face  of  Mount  Tom,  we 
find  the  sandstone  passing  under  the  greenstone  at  a  dip  from  15® 
to  20^ :  but  on  the  east  side  of  the  mountain,  it  is  no  greater ; 
and,  therefore,  I  cannot  say  that  this  eminence  has  a  wedge-shaped 
form.  South  of  Tom  the  sandstone  both  on  the  east  and  west 
sides  of  the  greenstone  ridge,  has  a  less  dip  than  in  the  cases  above 
mentioned.  Still,  however,  the  greenstone  seems  to  form  a  mass 
interposed  between  its  strata. 

Are  we  to  regard  the  long  ridge  of  greenstone  extending  from 
New  Haven  to  Belchertown,  as  a  vast  dyke,  or  as  a  bed,  or  simply 
as  a  protruding  irregular  mass  ?     Its  great  length,  (though  not 
greater  than  the  celebrated  Cleaveland  dyke  in  England,)  and  es- 
pecially its  great  width  in  some  places,  will  hardly  permit  us  to 
call  it  a  dyke,  as  geologists  usually  employ  that  term.     A  still 
stronger  objection  in  the  minds  of  many,  would  be  its  general  con- 
formity in  direction  to  the  strata  of  sandstone.     But  near  its  north- 
ern extremity,  it  is  obvious  that  this  conformity  is  in  a  good  meas- 
ure lost.     For  Holyoke,  running  nearly  east  and  west,  evidently 
crosses  the  strata  in  some  degree :  or  rather,  these  same  strata 
which  farther  south  have  their  western  edges  elevated  by  the 
greenstone,  on  the  southern  side  of  Holyoke,  have  their  north- 
western edges  raised :  although,  as  the  mountain  makes  a  gradual 
curve  to' the  right,  the  strata  appear  to  be  conformed  to  its  sides. 
Upon  the  whole,  however,  while  we  must  admit,  it  seems  to  me, 
that  this  extensive  raiige  was  originally  protruded  through  the  strata 
of  sandstone  in  the  same  manner  as  dykes  are,  yet  it  may  be  bet- 
ter to  regard  it  as  a  protruding  ridge,  rather  than  apply  a  term  to 
it  which  has  not  usually  been  so  extended  in  its  meaning. 

Genuine  and  distinct  veins  of  greenstone  in  the  new  red  sand- 
stone of  the  Connecticut  valley,  are  not  common.  In  Massachu- 
setts I  have  not  met  with  one  ;  but  in. Connecticut  they  are  more 
common.  The  following  is  a  sketch  of  a  case  of  this  kind,  which 
I  took  several  years  ago,  in  a  ledge  a  little  east  of  East  Rock,  near 
New  Haven,  on  the  turnpike  road  from  thence  to  Middletown. 
Most  of  the  ledge  is  a  red  rather  coarse  sandstone,  from  20  to  30 
feet  high.  The  lowest  stratum  is  a  fine  grained  red  sandstone ; 
the  next  above  it,  a  coarse  gray  sandstone,  about  six  inches  thick. 
The  rock  dips  from  the  observer  about  25° ;  so  that  it  must  be  rep- 
resented as  horizontal  on  the  section.  The  vein  of  greenstone  is 
about  a  foot  wide  at  the  bottom,  and  something  more  as  it  as- 
cends.    It  appears  to  consist  of  indurated  clay,  or  wacke.     It  as- 
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ceods  through  the  sancbtoae  at  ao  angle  of  about  45^  with  the  bor- 
izoD,  and  on  the  upper  side  of  it  the  difierent  layers  of  sandstone 
are  elevated,  so  as  not  to  correspond  with  the  same  layers  on  the 
opposite  side  of  the  rein.  The  coarse  gray  stratum  above  men- 
tiuned,  exbibiu  this  effect  most  obviously. 


Greenstone  Dyke  in  New  Red  Sandstone ;  East  Haven,  Ct 

The  inferences  of  a  theoretical  nature  from  such  a  case  as  the 
above,  if  there  is  no  mistake  in  my  representation  of  it,  are  too 
obvious  to  escape  the  notice  of  any  one.  If  we  have  not  proof 
here  of  an  internal  force  erupting  the  matter  of  the  vein,  I  know 
not  how  such  proof  could  be  given.  But  more  of  this  in  another 
place.  I  thought  the  case  too  interesting  not  to  be  noticed^  al- 
though out  of  Massachusetts ;  and  I  shall  take  the  liberty  in  seve- 
ral other  instances,  as  I  have  already  done  in  some  cases,  to  intro- 
duce examples  from  other  parts  of  New  England,  illustrative  of 
important  geological  principles.  In  respect  to  the  veins  of  the  un- 
stratified  rocks,  especially,  I  shall  give  the  results  of  my  observa- 
tions for  the  last  twelve  or  fifteen  years  in  various  parts  of  New 
England,  since  the  subject  is  one  of  special  interest.* 

*To  show  how  the  examples  which  I  shall  addoca  are  regarded  bf  a  distin- 
guished geologist  in  Europe,  I  take  the  liberty  to  subjoin  a  translation  of  a  letter 
which  I  recei\red  two  or  three  years  ago.  from  CounseUor  Von  Leonhard,  Profes- 
sor of  Mineralocnr  in  the  university  of  Heidelberg,  Qermany,  in  answer  to  a  com- 
munication which  I  had  previously  made  to  him  at  his  request,  detailijig  several 
of  the  most  striking  cases  of  veins  and  protruding  masses,  which  are  embodied 
in  this  Rqwrt  I  give  the  letter  entire,  since  several  of  the  examples  given  by 
this  veteran  saoaml  although  to  be  net  with  in  a  few  works,  are  yet  not  com- 
monly to  be  found. 

"  Heidelberg,  December  14,  1899. 

"  Sir,  Your  letter  of  the  20th  October,  with  which  you  have  favored  me,  I  have 
dulv  received.  A  thousand  thanks  for  the  trouble  you  have  taken  to  enlighten  me 
with  so  many  interesting  facts  concerning  the  granite  eruptions  of  your  country. 
Your  observations  are  of  the  highest  importance,  and  it  is  very  much  to  be  de- 
sired that  you  should  publish  them  forthwith.*  You  have  requested  that  I  should 
give  some  account  of  the  elevation  of  granite  in  this  country  as  well  as  in 
SUigland  and  France. 

'*^One  of  the  most  interesting  observations  that  have  been  made  on  this  sabdect, 

'In a  nibooquent  letter  I  loqueiled  Prof.  Leonhard  to  bmJco aueh  a  nac  arUMM  flMtsas  iMt.tliflnjglit 
pvnper:  andiMt  «iiiUlu»r  eome  of  the  caeee  which  1  shaU  prodocc.  have  on  this  beqa  pubUshoa  t& 
Geimaajr. 


Digitized  by  VjOOQ IC 


Protrwwns  of  Oranite. 


419 


Od  tbe  9oatb  side  of  mount  Tom,  on  the  bank  of  a  small  steam, 
and  close  by  a  saw  mill,  which  is  only  a  few  rods  from  tbe  stage 

is  that  of  Weiss,  near  Meissen  in  Saxony.     Granite,  ot  rather  sienite,  there  ap- 
pears superimposed  npon  the  ptanerkaik  which  belongs  to  the  chalk  formation. 


A  hondred  paces  from  my  house  is  aprotmsion  of  granite.  The  predominant 
rock  in  the  vicmity  is  the  variegated  sandstone.  In  one  place  we  see  the  strata  of 
sandstone  bent  upwards  and  the  granite  beneath. 


'*  You  are  doubtless  acquainted  with  the  important  obeenrations  of-  J.  Hall,  in 
GlaUoway  in  Scotland,  veins  of  granite, «  a,  &c  have  penetrated  tbe  transition 
argillaceous  schist,  bb^  dec.  enyel<^ng  also  the  fragments,  ccc,ot  Uie  same,  and 
overspreading  the  schist  in  part  The  schist  has  sufiered  numerous  disturbances 
from  the  influenoe  of  the  granite  and  is  changed  at  the  place  of  contact  by  the 
volcaiuc  heat. 


"  You  speak  of  your  greenstone.  Is  it  dufriU  or  dolerite  7  From  your  descrip- 
tion I  suspect  it  to  be  dolerite,*  that  is,  a  greenstone  into  whose  composition  am- 
phibole  enters,  and  not  pyroxene. 

In  the  Hartz  facts  occur  similar  to  those  which  you  have  observed.  I  shall  be 
much  obliged  to  you  when  you  send  another  box  of  minerals  for  exchange  to  the 

*All«r  viMt  I  tare  wTltt«D  on  this  lock,  tt  ts  hardly  neoenia?  to  saj  that  this  oondnstoii  It  oonreet. 
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road  from  Northampton  to  Hartford,  the  followiog  case  oocais  in 
the  new  red  sandstone.  A  deposite  of  greenstone,  the  remains  of 
a  large  vein  or  protruding  mass,  is  here  seen  to  lie  in  an  oblique 
direction  upon  the  elevated  edges  of  the  sandstone.  Towards  the 
upper  part  of  the  section,  the  layers  of  sandstone  are  curved  con- 
siderably upwards,  so  as  to  increase  the  dip  of  their  upper  extrem- 
ity, raising  it,  indeed,  almost  to  90o.     Must  we  not  impute  this 

CompUnr^  to  put  in  some  specimens  of  gpreenstone^that  I  may  institute  a  compari- 
son. In  the  tiartz  we  see  that  the  dioriU  assumes  an  amygdaloidal  texture,  be> 
coming  cellular  near  its  point  of  contact  with  the  schist  £>oes  any  such  phenom- 
enon occur  with  you  7* 

Tyansiiian  Sckia. 


"  Since  I  had  the  honor  of  writing  to  you,  I  have  continued  without  intermission 
to  collect  facts  for  mv  work  on  the  Basalts.  But  it  will  be  a  long  time  before  I 
can  bring  it  to  a  conclusion.  In  1828 1  visited  Auvergne.  This  without  contra- 
diction is  classic  ground  as  to  this  matter.  You  are  doubtless  acquainted  with 
the  work  of  Srope,  {Ceniral  France.)  But  I  have  ascertained  some  new  and 
quite  interesting  &cts.  Among  others  the  projecting  mass  of  basaltic  conglom- 
erate which  rises  through  the  beds  of  lacustrine  limestone,  Tit  bears  the  name  of 
Pwfdela  PiquetUf)  embraces  fragments  of  that  limestone  full  of  many  fine  crys- 
tals of  mesotjrpe  and  apophyllite.  Last  summer  I  visited  the  Suabian  Alps.  In 
these  mountains  we  find  a  number  of  important  facts.  We  count  there  at  least 
thirty  eruptions  or  elevations  of  basaltic  oreccias  through  the  beds  of  Jura  lime- 
stone ;  and  these  conglomerates  contain  a  number  of  small  fragments  of  lime- 
stone, which  have  been  variously  modified  by  the  heat  of  the  conglomerates. 


"  Finally,  I  pray  you  to  preserve  in  full,  an  account  of  the  phenomena  of  bas- 
alt, diorite,  and  amygdaloid,  as  weU  as  or  the  conglomerates  which  accompany 
them ;  and  I  would  request  you  to  send  me  these  details. 

"  I  have  the  honor  to  salute  you  with  the  greatest  respect : 

"  Yours  with  devotion, 

Lbonhard." 

'Precisely  the  same,  as  I  shall  mention  more  particulariy  ftiither  on. 
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flexure  to  the  protrusive  force  of  the  greeastone,  when  first  it  was 
elevated  to  the  day  light  ? 


Junction  of  Greenstone  and  Sandstone :  Monnt  Tom. 
Chemical  EffecU  of  Greenstone  upon  other  Bocks. 

In  other  parts  of  the  world,  it  is  a  coromon  case  to  find  the 
rocks  lying  in  contact  with  the  greenstone,  essentially  changed  in 
their  characters,  for  a  greater  or  less  distance  from  the  place  of 
junction.  This  is  most  striking  where  the  limestone  is  the  rock 
invaded  by  the  trap.  Similar  effects  are  not  wanting  in  the  rocks 
of  Massachusetts,  that  are  traversed  by  greenstone.  Tet  it  ap- 
pears to  me  that  they  are  hardly  as  coromon  or  striking  as  in  some 
countries ;  judging  from  the  descriptions  of  geologists.  One  rea- 
son may  be  that  greenstone  here  rarely  comes  in  contact  with  lime- 
stone. The  following  are  the  principal  examples  of  this  phenom- 
enon which  I  have  met  with. 

The  influence  of  greenstone  veins  at  Nahant,  in  converting  ar- 
gillaceous slate  into  flinty  slate,  and  where  carbonate  of  lime  was 
present,  into  chert,  has  been  fully  described  under  gray  wacke. 

Professor  Webster  describes  a  mass  of  trap,  in  Cbarlestown,  as 
superincumbent  upon  a  rock  which  he  calls  compact  feldspar, 
<  which  has  many  of  the  characters  of  clay  slate,  and  in  the  im- 
mediate vicinity  of  the  trap  rock  has  a  degree  of  hardness,  a  com- 
pact structure,  and  fracture  almost  like  that  of  hornstone, — the  slate 
seems  to  have  undergone  a  great  and  remarkable  change.'* 

In  season  for  the  present  edition  of  my  Report,  I  have  received 
from  Dr.  C.  T.  Jackson,  an  interesting  account  of  a  dyke  of 
^  Chreenstone  Trap/  traversing  the  gray  wacke  conglomerate  in 
Roxbury.  It  is  on  Mr.  Dudley's  farm  neariy  opposite  the  seat  of 
Gen.  H.  A.  S.  Dearborn,  Esq.  The  strata  of  the  conglomerate 
there  run  N.  W.  and  S.  E.  and  dip  N.  E.  30^ :  the  dyke  runs 
north  and  south  and  dips  80''  W.  At  the  top  of  the  ledge  it  is  ten 
feet  wide  and  nine  feet  at  the  bottom :  the  ledge  being  31  feet  in 
perpendicular  height.  The  conglomerate  near  the  dyke  contains 
an  abundance  of  serpentine. 

*  Boston  Journal  of  Philosophy,  Vol.  I.  p.  962. 
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^Tbis  dyke,?  says  Dr.  Jackson,  'coosisU  of  t  imss  of  gtttm- 
atone  imp,  black  on  tbe  surface,  but  when  broken  exhibits  a  green- 
isb  color  having  crystals  of  feldspar  scattered  through  the  mass 
sometimes  rendering  it  porpbyrytic.  The  dyke  is  very  much  de- 
composed on  the  surface  and  separates  into  regular  triangular  or 
four  sided  prisms,  which  may  be  taken  out  by  tbe  hand.  Tbe 
paste  of  the  conglomerate  is  very  compact  near  this  dyke,  and 
serpentine  is  found  mixed  with  the  rock,  and  sometimes  covering 
the  whole  rock  with  a  bright  grass  green  colored  polished  surface, 
but  generally  the  serpentine  is  much  decomposed  where  the  jane- 
tk>n  of  the  trap  and  conglomerate  takes  place,  it  being  converted 
into  a  greyish  white  powder.  Sp.  Gr.  of  tbe  trap— 3.304.  Be- 
fore tbe  blowpipe  it  melts  into  an  opaque  black  enamel.  With 
carbonate  of  soda  melts  and  b  decomposed  with  difficulty,  effer- 
vescing considerably.  Tbe  glass  being  placed  in  dilute  muriatic 
acid  leaves  a  deposit  of  silica.  The  powder  of  tbe  mineral  is  grey- 
ish or  bluish  gray.  It  attracts  tbe  magnetic  needle,  bot  the  inasn 
does  not  possess  polarity.  From  the  above  examination  it  will 
appear  that  tbe  paste  of  this  trap  consists  of  feldspar  and  horn- 
blende intermixed,  and  that  it  contains  prot-oxide  of  iron,  as  a  com- 
ponent. The  hornblende  and  feldspar  are  often  distinctly  observ- 
able by  the  eye.  The  feldspar  appears  to  yield  to  the  action  of 
the  air  and  water,  so  that  the  decomposed  pieces  consist  niostly  of 
hornblende  and  are  easily  crushed.  The  decomposed  surface  is 
of  a  deep  brownish  black  color,  the  color  being  produced  by  per- 
oxidation of  iron.  I  shall  soon  make  a  cbemi^l  analysis  of  this 
trap.  I  suppose  this  dyke  to  have  been  protruded  through  tbe 
superincumbent  conglomerate  by  expansion  of  subterranean  origin, 
and  that  this  power  raised  up  and  indurated  the  oongjooienite, 
which  is  considered  of  transition  formation.  I  have  ot^rved  in 
many  places  the  passage  of  our  greenstone  into  stenite,  and  think 
we  shall  be  obliged  hereafter  either  to  make  sienite  more  recent, 
or  to  place  our  greenstone  at  a  remoter  origin  than  is  generally  be- 
lieved to  belong  to  that  rock.' 

In  the  Connecticut  valley  the  most  striking  chemical  effects  {nto- 
duced  upon  tbe  sandstone  by  the  greenstone,  are  induration,  a  vesic- 
ular structure,  and  change  of  color.  In  the  17th  vol.  of  the  Am. 
Journal  of  Science,  Professor  Silliman  has  described  a  most  inter- 
esting example  of  all  these  efiects,  as  they  appear  in  a  quarry, 
nearly  a  mile  long,  at  Rocky  Hill,  about  three*  miles  southwest  of 
Hartford.  ^  The  trap  is  here  superincumbent  upon  tbe  sandstone, 
and  this  latter  rock  is  changed  to  the  depth  of  about  four  feet  be- 
low the  junction.  Ascending  from  that  depth,  it  begins  to  grow 
firmer ;  tbe  color  grows  lighter,  tbe  red  vanishes  and  it  becomes 

•  Boston  Journal  of  Philosophy,  Vol.  I.  p.  283. 
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dark  gny-^ightgray — asb  gray,  and  in  some  places  almoet  white ; 
while  at  the  tmrne  time  the  firmness  is  much  increased,  so  that  from 
being  a  very  soft  and  tender  argillaceous  sandstone,  easily  splitting 
into  laminae,  it  has  become  hard,  and  difficult  to  break,  striking 
fire  with  steel  like  an  overbumt  brick,  and  its  fissile  character  is 
almost  or  quite  destroyed.' 

'But  ibis  is  noc  alL  At  the  depth  of  about  two  feet,  rather  leas 
than  more,  the  altered  sandstone  b^ins  tp  grow  vesicular.  Fine 
pin-hole  cavities  make  their  appearance;  ihey  are  very  numerous, 
and  the  solid  substance  which  surrounds  them  becomes  semi-vitre« 
ous^and  loses  the  appearance  of  sedimentary  or  fragmentary  matter  ; 
as  we  ascend  towards  the  trap  the  vesicles  increase  rapidly  in  size, 
and  aC  and  near  the  junction  they  are  both  numerous  and  large.' 

This  vesicular  structure  is  still  more  remarkable  in  the  trap,  ex- 
tending several  teet  upwards ;  and  near  their  junction,  the  two  rocks 
can  hardly  be  distingu'ished,  and  appear  as  if  melted  together. 

Similar  phenomena,  more  or  less  strongly  marked,  present  them- 
selves both  in  Connecticut  and  Massachusetts,  where  the  contact 
of  the  two  rocks  is  visible.  On  the  east  side  of  Mount  Tom  in 
Northampton,  and  on  the  south  side  of  Holyoke,  the  vesicular  char- 
acter of  the  sandstone  is  most  obvious :  as  is  that  also  of  the  green- 
stone. (No.  S86.)  From  the  description  that  has  been  given  of 
the  relative  position  of  these  rocks  in  those  places  it  will  be  recol- 
lected that  the  sandstone  is  uppermost.  The  cavities  are  some- 
times filled  with  some  mineral,  as  carbonate  of  lime,  subsequently 
introduced ;.  but  the  red  color  of  the  rock  b  generally  retained : 
sometimes,  however,  it  is  not  easy  to  dbtingubh  this  amygdaloid- 
al  sandstone  from  trap,  without  close  inspection.  Yet  in  most  cas- 
es the  line  of  junction  is  distinct,  and  the  schistose  structure  of  the 
sandstone  b  not  lost.  The  greenstone,  as  already  mentioned,  b  in 
these  instances  much  more  vesicular  than  the  sandstone,  and  to  an 
unknown  depth.  The  cavernous  base,  the  cavities  not  being  usu- 
ally filled,  differs  but  little  from  indurated  clay ;  and  some  circum- 
stances have  led  me  to  suspect  that  the  rock  in  fact  consbts  of  ar- 
gillaceous sandstone  or  shale,  which  has  been  fused. 

A  little  below  Turner's  Falb  on  the  Greenfield  shore,  the  junction 
of  these  rocks  may  be  advantageously  examined,  where  they  occu- 
py the  same  relative  position  as  above  mentioned ;  that  b,  the  sand- 
stone is  the  superior  rock.  There  it  dips  from  40''  to  50° :  but  I 
did  not  peroeive  in  it  any  cavities ;  nor  is  the  red  color  or  the  fissile 
character  destroyed.  Connecticut  river  here  has  worn  away  neariy 
all  the  sandstone,  except  an  occasional  patch,  for  one  or  two  miles : 
but  where  these  patches  remain,  a  fine  opportunity  is  afforded  for 
observing  the  junction.  And  in  some  places  I  noticed  that  small 
rounded  masses  of  the  amygdaloid  were  partially  entangled  in  the 
sandstone :  as  if,  when  the  melted  mass  of  greenstone  wasforoing 
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its  way  upward,  and  pressing  bard  against  the  incumbent  sandstone, 
portions  of  the  former  rock,  while  yet  partially  solidified,  were  worn 
off  and  rounded  by  the  latter.  More  frequently  we  see  fragments 
of  the  sandstone  insulated  in  the  greenstone ;  being  perhaps  unmek- 
ed  portions  of  the  former  rock. 

For  several  feet  below  the  surface  of  the  amygdaloid  at  this  lo- 
cality, it  is  not  uncommon  to  see  that  rock  divided  into  parallel  por- 
tions, whose  surfaces  correspond  in  dip  and  direction  with  the  strata 
of  sandstone.  The  thickness  of  these  layers  is  from  one  to  four  feet 
But  they  do  not  extend  through  the  whole  mass  of  rock,  and  can, 
therefore,  hardly  be  considered  as  genuine  strata. 

The  existence  of  so  much  amygdaloidal  greenstone  on  the  east- 
em  or  upper  side  of  the  ridge,  (for  it  must  be  reoollected  that  such 
is  the  dip  of  the  sandstone  embracing  the  trap  as  to  render  the  east- 
ern tlie  upper  side,  )  while  it  is  comparatively  rare  and  &r  less  por- 
ous and  irregularly  situated  in  the  lower  parts  of  the  range,  leads 
naturally  to  an  inquiry  as  to  the  cause.  It  may  be  sufficient  to  say, 
that  the  gaseous  matter  extricated  by  the  intense  heat  of  a  large 
mass  of  rock  in  a  state  of  fusion,  would  naturally  be  forced  to  its 
upper  part  by  the  greater  pressure  below:  although  in  the  exam- 
ple described  by  Prof.  Siiiiman,  such  does  not  appear  to  have  been 
the  case.  Since,  however,  the  base  of  the  h>ck  on  the  east  side  of 
the  ranges  above  named,  is  more  argillaceous  and  less  crystalline 
than  that  of  the  rock  on  the  western  or  lower  side.  I  am  disposed  to 
believe  the  former  more  favorable  for  retaining  the  gas  or  vapor 
than  the  latter. 

When  the  water  is  low  we  have  an  instructive  exhibition  of  the 
junction  of  greenstone  with  the  subjacent  sandstone  at  Titan's  Pier 
in  South  Hadley.  A  considerable  part  of  the  trap  near  the  sand- 
stone is  a  breccia  ;  and  one  of  the  ingredients  is  clay,  indurated  al- 
most to  the  hardness,  and  exhibiting  the  light  gray  color  ef  horn- 
stone,  although  not  exactly  that  substance ;  especially  if  a  mixture 
of  limestone  in  the  original  rock  be  essential  to  its  production. 
This  seems  rather  to  have  formed  the  paste  in  which  are  ce- 
mented dark  pieces  of  trap.  This  rock  extends  but  a  short  dis- 
tance upwards  from  the  line  of  junction. 

The  most  interesting  effects  at  this  spot  are  exhibited,  however, 
in  the  sandstone  beneath  the  trap.  Like  that  near  Hartford,  for 
two  or  three  feet  its  schistose  structure  is  in  a  great  measure  oblit- 
erated, althpugh  its  stratification  remains.  It  is  also  of  a  light  gray 
color.  On  breaking  it,  it  exhibits  a  semi-crystalline  structure, 
bearing  considerable  resemblance  to  some  varieties  of  fine  grained 
granite.  (No.  170.)  But  the  most  curious  fact  of  all  is,  that  this 
rock  exhibits  in  some  places  a  decided  tendency  to  a  columnar  form. 
I  cannot  say,  indeed,  that  any  perfectly  formed  prism  can  be  found. 
Still  the  sandstone  exhibiu  several  unequal  sides  of  a  prism,  per- 
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pendicuiar  to  the  pTanes  of  stratificatioD,  thus  coincidBtif^itb  the 
less  perfect  cokimnar  structure  of  the  greenstooe  immediately 
above  :  so  that  at  a  little  distance  one  does  not  perceive  the  line 
of  junction  between  the  two  rocks. 

I  have  met  with  no  geolc^ical  writer  but  Dr.  MaccuUoch,  who 
has  described  examples  of  columnar  sandstone;  and  he  mentions 
but  two  cases  in  nature,  both  in  Scotland.  Another  case,  bow- 
ever,  is  noticed  by  him  in  the  hearth  stone  of  a  blast  furnace.* 
This  last  example  is  very  instructive,  as  showing  that  heat,  if  long 
continued,  may  produce  the  colunmar  structure  in  sandstone  even 
though  not  intense  enough  to  melt  it  The  application  of  this 
case  in  explanation  of  the  columnar  structure  of  the  sandstone  at 
Titan's  Pier,  is  too  obvious  to  render  its  formal  statement  necessa- 
Some of  the  sandstone  of  the  new  red  sandstone  is  highly  mi- 
caceous :  this  variety,  where  it  occurs  near  the  greenstone,  can 
hardly  be  distinguished  from  mica  slate.  (Nos.  177  to  179.^  I 
will  refer  only  to  two  localities  of  this  rock,  viz.  at  Turner's  Falls 
and  at  the  north  end  of  Mount  Tom,  at  the  spot  where  the  sketch 
on  page  421  exhibiting  the  junction  of  the  two  rocks,  was  taken. 
Can  there  be  any  doubt  that  these  examples  are  in  fact  a  partial 
conversion  of  the  sandstone  into  mica  slate  by  thor  beat  of  the 
greenstone  ? 

I  know  of  but  one  place  in  the  valley  of  the  Connecticut  where 
greenstone  comes  in  contact  with  limestone ;  and  that  is  in  West 
Springfield.  Perhaps  even  there  an  actual  contact  does  not  exist, 
yet  the  greenstone  is  separated  from  the  limestone  in  some  places 
only  by  a  narrow  strip  of  sandstone.  And  a  part  of  the  limestone 
is  more  or  less  frequently  converted  into  tripoli :  that  is  to  say,  the 
carbonic  acid  is  expelled,  leaving  the  argillaceous  and  silicious  mat- 
ter by  itself.  Probably  this  was  the  efiect  of  heat :  though  I  am 
not  very  confident  that  the  tripoli  was  produced  in  this  manner.  A 
part  of  the  limestone  at  that  place  is  very  much  indurated,  so  as 
to  possess  almost  the  brittleness  of  glass  when  broken. 

Mineral  Contents. 

It  is  not  unexpected,  though  gratifying,  to  find  in  our  greenstone 
the  same  materials  as  occur  in  the  trap  rocks  of  Europe. 

In  describing  the  new  red  sandstone  I  have  given  an  account  of 
several  veins  in  that  rock,  of  sulphate  of  baryta  and  native  cop- 
per, green  carbonate  of  copper,  with  pyritous  copper  and  the  red 
oxide  of  that  metal.  These  veins  often  extend  into  the  green- 
stone a  considerable  dbtance.  But  for  the  particular  localities  I 
would  refer  to  the  description  already  mentioned. 

^System  of  Geology,  vol.  1.  p.  172. 
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Aocordiog  to  ibe  Messn.  DaDta,*  a  vein  of  magnetic  oxide  of 
inm  occun  in  the  greenstone  at  Woburn ;  though  not  extenrive 
enough  to  render  it  an  object  for  the  miner.  Intimately  noixed 
with  this  ore  is  pyritous  copper  ;  and  this  last  is  invested  sometioies 
with  the  muriate  of  copper.  Quartz  and  amygdaloid  at  Brighton, 
and  rolled  pieces  of  granite  at  Med  ford,  contain  the  same  miDeial. 
They  state  also  that  micaceoua  oxide  of  iron  exists  in  the  greeo" 
stone  at  Charlestown. 

According  to  the  same  gentlemen,  asbestus  is  found  in  fragments 
of  greenstone  in  Btigbton  and  Dedham ;  and  I  have  foupd  it  in 
one  of  the  anomalous  varieties  of  this  rock  at  Nahant.-  Probably, 
however,  it  is  comparatively  rare. 

Epidote,  as  already  mentioned,  exists  abundantly  in  the  green- 
stone around  Boston ;  but  never  to  my  knowledge  in  that  in  the 
Connecticut  valley.  Generally  it  is  disseminated  through  the 
greenstone  ;  but  sometimes  it  occurs  in  veins,  and  is  then  usually 
compact,  though  often  crystalized.  At  Breed's  Hill  is  a  iocality ; 
and  a  much  better  one  at  JNahant. 

The  cavities  of  the  amygdaloid  are  sometimes  occupied  by  a  dull 
green  foliated  mineral  which  appears  to  be  chlorite.  The  folia 
have  in  general  a  radiated  structure,  and  sometimes  invest  calca- 
reous spar.  (No.  1173.)  A  ITttle  below  Turner's  Falls  in  Gill, 
just  at  the  mouth  of  Fall  River,  on  the  east  bank,  is  the  best  lo- 
cality of  this  mineral  with  which  I  am  acquainted.  More  fre- 
quently the  cavities  are  occupied  with  earthy  chlorite,  and  the 
specfmens  of  this  kind  are  very  common  along  the  eastern  side  of 
the  ranges  of  greenstone  in  the  Connecticut  valley ;  as  in  Green- 
field, Deerfield,  South  Hadley,  Northampton,  and  West  Spring- 
field. 

At  the  locality  just  referred  to  at  the  mouth  of  Fall  River,  oc- 
curs the  rare  mineral  ohlorophoeite :  which  has  not  to  my  knowl- 
edge been  found  in  any  other  place  on  this  side  of  the  Atlantic. 
It  is  abundant  in  the  projecting  mass  of  greenstone  that  appears  at 
the  junction  of  the  Connecticut  aud  the  small  river  just  mentioned  ; 
on  the  east  bank  of  the  latter  ;  and  the  spot  can  hardly  be  mis- 
taken by  any  one  desirous  of  finding  it.  This  mineral,  when. the 
rock  is  first  broken,  is  of  a  dull  green  color :  but  after  a  few  hours 
exposure  becomes  nearly  black.  After  long  exposure,  however, 
some  specimens  assume  a  dark  brown  color.  For  the  most  part 
the  nodules, — often  half  an  inch  and  sometimes  more  than  an  inch 
in  diameter, — exhibit  a  fibrous  structure,  the  fibres  radiating  from 
one  or  more  centers  in  the  same  nodule.  The  mineral  is  easily 
scratched  with  a  knife  and  the  powder  is  of  a  dull  green  color. 
When  fractured,  however,  it  appears  brittle.     Sometimes  calca- 

*Mineralogy  and  Qeology  of  Boston,  &€.  p.  66. 
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reaus  spar  is  enclosed  witbin  tbe  ckloropboeice ;  but  vetj  rarely  are 
the  iKKkles  hollow,  if  I  misuke  not,  in  one  or  two  iDstaoces  I 
have  observed  a  foliated  stnictore  in  specimens.  There  seems 
little  dai^er  of  exhausting  this  locality.  Tbe  same  rock  contains 
disseminated  prehnife,  ehlorite,  and  pyritous  copper.  It  is  how- 
ever,, but  slightly  amygckloidal.  Mr.  Sbepard  has  recently  an* 
nounced  the  existence  of  datholite  in  Midifletown,  Ct.  in  a  rock 
exactly  resembling  that  containing  tbe  chlorophorite  ;  nor  can  I 
doubt  but  tUs  nnnenil  will  be  foond  in  Massachusetts. 

Prebnite  has  been  Ibund  in  the  greenstone  in  tbe  vicinity  of 
Boston,  particularly  in  Cbarleslown.  But  it  is  more  common  in 
the  valley  of  tbe  Connecticut.  Near  the  cblofophoeite  locality 
just  described,  on  tbe  Green&eld  shore  of  tbe  Connecticut,  it  is 
not  uncommon  in  amygdaloid*  There  its  color  is  nearly  white. 
In  general  it  is  more  common  on  the  eastern  side  of  tbe  greenstone 
ridges,  than  on  the  western  ;  for  example^  where  Deer6eld  river 
cuts  through  a  ridge  of  this  kind  in  Deerfield,  and  on  tbe  east  side 
of  the  same  ridge  four  or  five  miles  farther  south,  in  a  part  of  tbe 
town  called  Pine  Nook :  also  in  West  Springfield.  But  it  is  found 
likewise  on  the  west  side  of  these  ridges  ;  as  at  a  spot  one  mile 
east  of  the  village  of  Deeifield,  and  at  another  about  tbe  same 
distance  nearly  east  of  the  village  of  Greenfield.  No  very  rich 
specimens  of  this  mineral,  however,  are  met  with  in  our  green- 
stone. 

Augite  of  an  iron  black  color  and  in  impeifect  crystals  or  in 
veins,  is  sometimes  met  with  in  the  tufaeeous  greenstone  of  the 
Connecticut  valley  :  as  at  a  spot  one  mile  east  of  the  village  of 
Deerfield. 

Several  varieties  of  tbe  quartz  family  are  found  in  the  green- 
stone of  Massachusetts,  principally  in  that  4>f  the  Connecticut 
valley.  Limpid  crystalized  quartz  is  found  frequently  in  the  ibrm 
of  geodes,  and  sometimes  these  crystals  are  amethystine,  of  a  del«* 
leate  though  not  very  deep  color.  This  amethyst  has  been  ob- 
served one  mile  east  of  tbe  village  in  Deerfield  :  on  tbe  same  range 
three  miles  south  of  this  spot  and  east  of  tbe  village  of  Bloody 
Brook ;  on  Mount  Holyoke :  and  in  West  Springfield.  At  the 
latter  place  tbe  crystals  are  sometimes  stnoky.     (No.  1117.) 

Tbe  quartz  that  occupies  the  cavities  of  greenstone,  as  at  a  spot 
a  mile  east  of  tbe  village  in  Deerfield,  is  sometimes  tabular ;  and 
tbe  folia  are  quite  thin  and  delicate.  Sometimes  it  is  radiated, 
and  not  unfrequently  it  contains  tabular  or  prismatic  and  radiating 
cavities,  once  occupied  by  a  mineral.  The  radiating  cavities  were 
perhaps  once  filled  with  Tbomsonite  ;  at  least  they  resemble  that 
mineral  in  form.  I  have  seen  them  three  or  ibur  inches  in  length, 
and  crossing  one  another  from  diflferent  centers. 
Chalcedony  is  not  an  uncommon  mineral  in  the  greenstone  of 
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the  Conneeiicut  valley.  So  ftr  as  I  know  it  n  wantiog  in  tbe 
greenstone  around  Boston  :  and  this  (aot»  with  the  almost  entiie 
absence  of  an  amjgdaloidal  stnictars,  are  marks  of  peculiarity 
well  worthy  of  notice.  In  the  Connecticut  valley  the  chidceckwy 
is  usually  in  small  nodulesi  rarely  more  than  one  or  two  inches 
across.  Most  frequently  its  color  is  milky  or  smoky  gray,  and 
sometimes  it  appears  to  be  real  cacholong.  At  other  times  it  is  of 
a  flesh  color,  from  the  lightest  to  the  deepest  shade,  forming  cor- 
nelian. Rarely  liave  I  seen  it  yellowish,  and  closely  allied  to  sar- 
donyx. These  varieties  are  most  common  in  the  greenstone  range 
passing  east  of  the  villages  of  Greenfield  and  Deerfield,  and  on  its 
western  &ce ;  but  rare  on  its  eastern  side. 

All  the  above  varieties  of  the  quarts  fiumly  are  sometimes  ar- 
ranged concentrically,  so  as  to  form  agates.  Generally  they  are 
small :  but  some  specimens  found  by  Dr.  Cooley  in  the  south  part 
of  Deeifield,  two  miles  northeasterly  from  Bk>ody  Brook  meeting 
house,  were  quite  large.  The  largest  of  these  specimens,  nine  by 
six  inches  in  diameter  and  weighing  93  pounds,  was  composed  of 
an  outer  zone  of  greenish  chalcedony  half  an  inch  thick ;  then  a 
looe  of  flesh  colored  chalcedony :  the  center  consisted  of  an  ame- 
thystine geode.  The  best  of  these  specimens  which  I  have  been 
able  to  procure  for  the  collection  (No.  IIBI.)  is  about  six  inches 
by  four:  tbe  outer  zone  is  cornelian ;  the  second  bluish  chalcedo- 
ny, and  the  ftenminder  limpid  quarts,  almost  filling  tbe  cavity. 
When  tbe  oi/ter  coat  is  broken  off,  tbe  specimen  shows  a  strong  re- 
semblance to  the  human  skull ;  exhibiting  protuberances  and  de- 
pressicms  enough  to  satisfy  the  most  sanguine  phrenologist  An- 
other specimen,  three  inches  in  diameter,  exhibiting  no  less  than 
14  concentric  bands,  consisting  of  ohakedony  and  quartz  of  vari- 
ous colors.  This  is  a  genuine  fortification  agate.  Sometimes 
fortification  and  eyed  agates  are  exhibited  in  the  same  specimen. 
It  is  to  be  feared,  however,  that  this  locality  is  nearly  exhausted ; 
at  least,  until  a  long  period  of  time  shall  have  decomposed  the 
greenstone  much  deeper. 

Cakareous  spar  is  one  of  the  most  frequent  of  the  minerals  in 
the  greenstone  of  Massachusetts  ;  both  in  that  in  the  eastern  part 
of  the  State  and  in  the  Connecticut  valley.  Generally  it  is  the 
laminated  variety ;  sometimes  flesh  colored,  but  mostly  Umpid. 
Often  it  constitutes  tbe  cement  of  trap  tufl^  Sometimes  it  is  in 
distinct  crystals. 

A  few  years  since,  Prof.  Silliman  detected  selenite  in  amygda- 
loid from  Deerfield.  It  was  white  and  retained  its  water  of  crys- 
talization. 

Several  species  of  the  zeolitic  minerals  have  been  found  in  this 
rock  in  the  Connecticut  valley.  Analcime  has  been  frequently 
said  to  be  quite  common. ;  but  1  am  suspicious  that  calcareous  spar 
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has  been  confounded  wiih  that  mineral :  and  I  dare  noj  say  that  it 
exists  in  our  greenstone  Nor  am  I  sure  that  laumonite  occurs  as 
far  north  as  Massachusetts,  although  the  greenstone  in  the  vicinity 
of  New  Haven  contains  it.  As  to  chabasie  there  is  no  doubt  but 
it  has  been  found  in  Deer6eld,  one  mile  east  of  the  village.  It  is 
always  crystaiized,  and  almost  invariably  in  the  primary  form,  an 
obtuse  rhomboid.  The  crystals  vary  from  l-50th  to  I-4th  of  an 
inch  on  their  sides  ;  and  these  are  grouped  on  tabular  and  pseu- 
domorphous  quartz,  on  prebnite,  and  on  the  greenstone  :  either  in 
fissures,  or  more  commonly  in  the  cavities  of  the  amygdaloid.  This 
mineral  seems  to  have  entered  these  cavities  for  the  most  part  at  a  la- 
ter period  than  many  of  the  others  with  which  it  is  associated.  For 
often  we  find  it  in  the  upper  part  of  a  cavity  whose  lower  part  is 
filled  with  another  mineral ;  but  never  in  a  reverse  order.  The 
amygdaloid  in  which  this  mineral  occurs  is  extremely  bard,  and 
hence  the  chabasie  has  been  preserved.  It  is,  however,  quite  dif- 
ficult to  obtain  good  specimens. 

In  the  amygdaloid  on  the  east  side  of  the  greenstone  range  in 
Deerfield  and  Greenfield,  I  have  observed  a  few  rather  poorly 
characterised  radiated  specimens,  exceedingly  resembling  the 
Tbomsonite  of  Scotland. 

In  the  greenstone  one  mile  east  of  the  village  in  Deerfield,  a 
mineral  occurs,  closely  allied  in  external  characters  to  stilbite  and 
heulandite :  and  hitherto  I  have  described  it  as  stilbite.  But  in  its 
crystalline  form  it  differs  from  both  those  species,  and  indeed  from 
any  known  mineral.  I  shall,  therefore,  venture  to  describe  it  as 
new ;  and  I  take  the  liberty  to  dedicate  to  your  Excellency,  as  the 
patron  of  science,  under  the  name  of 

LINCOLNITE. 

This  mineral  occurs  in  minute  yet  very  distinct  crystals,  which 
are  right  oblique  angled  prisms.  Three  trials  on  as  many  crystals 
with  the  common  gonometer,  gave  the  following  results  for  the  an- 
gles of  the  bases. 


First  crystal : 
Second  crystal : 
Third  crystal : 


Angles  A,  A,  61'. 
Angles  jB,jB,  119^ 
Angles  Aj  -4,  6l\ 
Angles  jB,jB,  120o. 
Angles  Ay  A,  6V. 
Angles  By  B,  120^ 


The  mean  result  of  all  the  trials  I  have  made  does  not  vary 
much  from  60°  and  120^  But  this  may  vary  from  the  truth  half 
a  degree ;  I  think  not  more.  The  bases  are  commonly  bright 
enough  for  the  application  of  tbe  reflective  goniometer :  not  so 
the  lateral  faces. 
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I  have  observed  only  one  modification  of  this  crystal,  and  that 
consists  of  a  slight  truncation  on  the  acute  lateral  edges,  as  rep- 
resented in  this  figure.     (No.  1202.) 


The  height  of  the  prism  is  about  equal  to  the  longest  edge.  It 
yields  to  mechanical  division  only  parallel  to  the  bases.  It  has  a 
lustre  somewhat  pearly  on  the  cleavage  plane,  and  not  unfrequeot- 
ly  the  folia  are  slightly  curved.  It  is  always  white  or  colorless  ; 
sometimes  transparent,  but  generally  only  translucent.  In  every 
other  character  it  corresponds  with  Heulandite  and  stilbite.  On 
hot  coals  it  whitens,  and  before  the  blowpipe  melts  into  a  white 
spongy  enamel. 

The  crystals  of  this  mineral  are  mingled,  usually  in  the  least 
proportion,  with  crystals  of  chabasie ;  either  in  the  amygdaloidal 
cavities  of  the  greenstone,  or  in  its  fissures.  I  have  rarely  met 
with  a  crystal  whose  longest  side  exceeded  the  tenth  of  an  inch  : 
and  most  of  the  specimens  in  the  collection  will  need  a  micro- 
scope for  their  examination.  It  is  very  rare  and  obtained  with 
difficulty,  though  small  specimens  will  reward  the  persevering  col- 
lector. (Nos.  1200  to  1204.) 

At  the  same  spot  in  Deerfield  a  radiated  mineral  occurs,  forming 
sometimes  perfect  spheres,  of  the  size  of  an  ounce  bullet,  which 
may  be  Lincolnite,  though  perhaps  it  is  stilbite. 

This  same  radiated  mineral  is  found  at  Bellow's  Falls  in  Ver- 
mont, encrusting  gneiss.  On  examining  some  specimens  which  I 
obtained  there  a  few  years  ago,  I  perceive  several  distinct  crystals 
of  Lincolnite,  which  are  quite  small.  Quite  recently  I  have  ob- 
tained more  specimens ;  and  I  am  more  and  more  inclined  to  the 
opinion  that  the  radiated  mineral  above  spoken  of,  both  at  Bellow's 
Falls  and  at  Deerfield,  is  Lincolnite. 

It  is  obvious  from  the  preceding  description,  that  this  mineral  dif- 
fers from  stilbite  and  Heulandite,  only  in  its  crystalc^raphical  char- 
acters. Stilbite  crystalizes  in  a  right  square  prism.  Heulandite 
comes  nearer  to  Lincolnite  ;  its  primary  form  being  a  right  oblique 
angled  prism.  But  the  angles  of  its  bases  are  about  50^  and  130^ 
differing  10°  from  those  of  Lincolnite.  Such  a  difference  cannot 
be  imputed  to  the  imperfection  of  mensuration ;  nor  can  I  con- 
ceive how  it  could  possibly  result  from  any  modification  of  stilbite 
or  Heulandite.     There  is,  therefore,  as  much  reason  for  making 
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this  mineral  a  distinct  species,  as  there  was  for  separating  Heuland- 
ite  from  stilbite.  I  nrn  aware  that  mineralogists  have  of  late  ex- 
ceedingly multiplied  species  by  divisions  of  the  stilbite  of  Hauy. 
Beudant,  especially,  in  the  last  edition  of  his  mineralogy,  (1830.) 
has  made  no  less  than  five  :  viz.  stilbite,  Heulandite,  epistilbite, 
hypostilbite,  and  spherostilbite  ;  the  two  last  being  added  by  him- 
self. He  supposes  that  when  the  same  elements  combine  in  dif- 
ferent and  definite  proportions  and  under  diflferent  forms,  they 
should  constitute  different  species  ;  although  in  external  characters 
they  differ  but  slightly  ;  and  surely  no  scientific  man  can  object 
to  this  principle.  But  recent  discoveries  have  shown  that  the 
same  elements,  combined  in  the  same  proportions,  are  capable  of 
crystalizing  in  forms  incompatible  with  each  other.  This  may 
prove  to  be  the  case  with  some  of  the  new  species  separated  from 
stilbite,  and  with  Lincolnite  among  the  rest.  Yet  at  present  it 
seems  as  well  entitled  to  a  distinct  name  as  Heulandite,  and  better 
than  hypostilbite  and  spherostilbite,  whose  crystalline  form  has  not 
been  ascertained  :  much  better  also  than  epistilbite,  since  the  con- 
troversy concerning  it  that  has  been  carried  on  in  the  European 
Journals.  When  this  subject  shall  be  better  understood  than  it 
now  is,  mineralogists  may  find  it  necessary  to  reform  the  list  of 
species  ;  nor  can  we  now  say  which  of  them  must  be  stricken  out 

Theoretical  Considerations. 

There  has  been  so  decided  a  change  within  a  few  years  in  the 
opinions  of  geologists  as  to  the  origin  of  the  trap  rocks,  and  there  is 
now  so  general  an  agreement  in  regarding  them  as  igneous  products 
of  early  times,  that  a  prolonged  discussion  of  the  subject  in  this 
place  will  not  be  necessary.  1  shall  only  state  the  leading  ai^u- 
ments  in  support  of  this  opinion,  that  will  apply  to  the  greenstone 
of  Massachusetts. 

1.  The  resemblance  in  external  characters  between  some  varied- 
ties  of  our  greenstone  and  the  products  of  existing  volcanoes.  The 
amygdaloids  are  the  most  striking  in  their  resemblance.  In  the 
valley  of  the  Connecticut  it  is  easy  to  collect  a  suit  of  specimens 
of  this  description,  that  could  hardly  be  distinguished  from  speci- 
mens that  are  frequently  brought  from  the  craters  of  volcanoes^  ex- 
cept by  the  greater  freshness  of  the  latter.  Let  a  man  pass  from 
Bridgnoan's  tavern  io  the  southeast  part  of  Amherst,  to  Granby, 
over  the  east  part  of  Mount  Holyoke,  and  in  the  pastures  by  the 
road  side,  be  will  see  hummocks  of  amygdak>id  so  much  resembling 
lava,  as  to  remind  him  of  the  Phlegrean  Fields.  And  a  similar 
appearance  is  not  uncommon  in  other  spots  on  the  east  and  south- 
east sides  of  Holyoke  and  Tom. 

Some  writers  regard  the  minerals  peculiar  to  our  greenstone, 
such  as  chalcedony,  the  zeolites,  prebnite,  augite,  &&c.  as  evidence 
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of  its  igneous  origin.  But  if,  as  is  probable,  most  of  these  were 
infiltrated  from  solution  in  water,  this  proof  is  not  of  much  weight ; 
especially  since  they  have  been  found  of  late  in  several  of  the  strat- 
ified rocks,  such  as  mica  slate,  gneiss,  &;c.  though  I  am  not  aware 
that  they  have  ever  been  discovered  in  rocks  of  exclusively  aque- 
ous origin. 

2.  The  columnar  structure  of  greenstone.  The  same  colum- 
nar form  is  assumed  by  lavas  when  they  are  slowly  cooled ;  but 
in  no  case  by  rocks  of  known  aqueous  origin.  How  unphilosoph- 
ical  then,  to  refer  this  structure  to  aqueous  agency  ! 

3.  The  irregular  manner  in  which  greenstone  is  intruded 
among  stratified  rocks.  Water  and  fire  are  the  only  two  great 
agents  in  nature,  as  1  suppose  will  by  all  be  admitted,  sufiBciently 
energetic  to  have  produced  mountain  masses  of  rock :  so  that  we 
must  take  our  choice  between  them,  unless  we  can  show  that  both 
of  them  were  concerned  in  the  work.  Now  I  cannot  conceive  it 
possible  how  any  logical  mind,  that  has  observed  trap  rocks  in  situ, 
or  will  attentively  consider  the  manner  in  which  I  have  shown  our 
greenstone  to  be  intruded  in  the  form  of  veins  and  irregular  mass- 
es among  the  stratified  rocks,  can  conceive  bow  they  could  have 
been  deposited  in  these  modes  from  water.  But  they  are  exactly 
the  shapes  which  melted  matter,  forced  from  beneath,  through  and 
among  consolidated  strata,  would  have  assumed.  What  but  a 
wedded  attachment  to  hypothesis,  then,  can  prevent  us  from  ad- 
mitting their  igneous  origin  ? 

4.  The  Mechanical  effects  of  greenstone  upon  the  stratified 
rocks,  I  refer  here  to  the  evidence  that  our  greenstone  has  ele- 
vated, broken,  and  dislocated  the  strata  in  some  instances,  through 
which  it  has  been  protruded.  The  section  at  Turner's  Falls,  ex- 
hibits a  good  example  of  these  effects,  as  well  as  similar  effects  of 
the  primary  rocks,  which  last  will  be  noticed  farther  on.  Nearest  the 
greenstone  on  the  upper  side,  we  find  the  dip  to  be  greatest,  grad- 
ually diminishing  as  we  recede  from  the  ridge.  That  this  increase 
of  dip  resulted  from  the  protrusion  of  the  greenstone,  is  evi- 
dent, it  seems  to  me,  from  the  fact  that  beneath  that  rock  the  dip 
is  less,  corresponding  to  that  of  the  formation  generally.  A  simi- 
lar case  I  have  described  on  Mount  Holyoke  in  Belchertown.  I 
have  also  given  drawings  of  less  extensive,  though  not  less  de- 
cided cases  of  the  agency  of  a  mechanical  force  upon  the  strata 
in  juxtaposition  with  the  greenstone,  whereby  a  portion  of  these 
strata  is  forced  upwards,  at  Charlestown,  Northampton,  and  New 
Haven.  All  these  facts,  it  seems  to  me,  admit  but  one  explana- 
tion :  and  irresistibly  lead  the  mind  to  the  conclusion,  that  a  force 
must  have  acted  in  the  interior  of  the  earth,  urging  the  greenstone 
through  the  superimposed  rocks  in  a  fluid  or  semi-fluid  state. 

5.  The  chemical  effects  of  greenstone  upon  the  stratified  rocks. 


Digitized  by  VjOOQ IC 


Origin  of  Greenstone.  433 

At  Nahant  we  have  seen  that  it  has  converted  clay  slate  into  flinty 
slate :  in  Cbarlestown  a  similar  change  has  taken  place.  In  the 
Connecticut  valley,  much  of  the  sandstone  in  contact  with  the 
greenstone  has  become  vesicular  and  some  of  it  is  highly  indu- 
rated ;  and  in  one  case  at  least,  somewhat  columnar.  Its  red  color 
too  is  often  destroyed,  its  texture  rendered  somewhat  crystalline, 
and  the  micaceous  varieties  partially  changed  to  mica  slate.  In 
one  case,  also,  limestone  is  converted  into  tripoli ;  that  is,  its  car- 
bonic acid  is  expelled. 

Now  it  requires  no  labored  argument  to  show  that  such  effects  as 
these  could  have  resulted  only  from  the  intrusion  among  the  strata 
of  rocks  in  a  state  of  fusion,  or  intensely  heated.  It  does  not 
require  even  a  practised  geologist  to  draw  this  conclusion :  for  the 
facts,  wherever  they  exist,  impress  every  man  who  observes  them 
with  this  belief. 

The  occurrence  of  serpentine  on  the  sides  of  a  greenstone  dyke 
in  gray  wacke  conglomerate  in  Roxbury,  as  described  by  Dr.  Jack- 
son, is  another  interesting  chemical  effect  of  the  trap.  Indeed,  I 
know  of  no  other  possible  mode  of  explaining  this  case  but  by  ig- 
neous agency. 

Upon  the  whole  I  cannot  see  that  any  thing  is  wanting  to  prove 
the  igneous  origin  of  our  greenstone.  It  may  be  asked,  indeed, 
how  it  happens,  that  while  existing  volcanoes  throw  up  their 
matter  in  a.  conical  shape,  greenstone  forms  a  continuous  ridge,  70 
or  80  miles  long,  with  no  appearance  of  a  crater  or  craters.  There 
b  reason  to  believe,  indeed,  that  the  mode  in  which  greenstone  has 
been  erupted,  was  considerably  different  from  the  operation  of  ex- 
isting volcanoes ;  and  that  probably  the  protrusion  took  place  under 
an  immense  weight  of  water  :  nor  can  it  be  imagined  bow  a  com- 
mon volcanic  force,  which  acts  in  the  direction  of  the  radii  of  a 
circle,  should  thus  operate  lineally.  But  it  is  easy  to  conceive, 
how  the  shrinking  of  the  interior  part  of  the  earth  by  refrigeration, 
faster  than  the  exterior,  would  produce  such  linear  openings,  into 
which  the  melted  matter  from  beneath  would  readily  force  its  way. 
But  more  of  this  ingenious  hypothesis  in  the  sequel. 

The  columnar  structure  of  the  trap  rocks  has  never  yet  re- 
ceived a  very  satisfactory  explanation.  From  the  fact  that  clay 
when  drying  divides  into  columnar  masses,  it  is  natural  to  inquire 
whether  the  columns  of  trap  had  not  a  similar  origin.  There  is, 
however,  one  insuperable  difficulty  in  such  an  hypothesis.  The 
desication  of  the  clay  always  causes  it  to  shrink,  so  as  to  leave  in- 
terstices between  the  columnar  masses.  But  no  such  shrinking 
has  taken  place  among  the  prisms  of  trap.  There  are  no  spaces 
between  them  :  their  sides  actually  touch.  Perhaps  in  the  pres- 
ent state  of  our  knowledge  we  cannot  come  nearer  the  truth,  than 
to  consider  this  columnar  structure  as  one  of  the  forms  of  a  con- 
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cretionary  structure.  Yet  this  solution  affords  no  great  satisfaction 
to  the  mind,  so  long  as  we  are  in  doubt  as  to  the  nature  of  a  con- 
cretionary structure. 

We  have  seen  that  greenstone  is  sometimes  divided  by  parallel 
planes  into  masses  exceedingly  resembling  strata.  If  tbey  are  not 
genuine  strata,  what  is  their  origin  ? 

In  all  the  unstratified  rocks,  small  spherical  or  oroid  concretions 
occur,  composed  of  concentric  layers  of  greater  or  less  thickness. 
These  concretions  vary  exceedingly  in  size,  and  are  sometimes  not 
more  than  an  inch  in  diameter.  Nor  do  1  know  of  any  principles 
in  geology  or  chemistry  that  can  fix  any  limits  to  their  size.  Sup- 
pose now  a  concretion  to  have  been  produced  of  mountainous  bulk. 
It  b  obvious  that  if  only  a  small  portion  of  its  surface  be  laid  bare, 
and  only  a  few  of  its  envelopes  penetrated,  these  layers  may  have 
exactly  the  appearance  of  strata ;  because  their  curvature  is  so 
slight,  for  a  small  extent,  as  not  to  be  perceptible.  In  this  way 
should  I  account  for  the  laminar  disposition  of  the  trap  at  Nabant ; 
and  1  shall  apply  the  same  explanation  to  some  examples  still  more 
striking  in  the  sienite  and  granite  of  the  State.  In  one  of  these 
cases  I  have  satisfactorily  traced  out  a  concretion  of  mountainous 
bulk,  and  thus  found  a  confirmation  to  the  theory  I  am  advocating. 

16.    PORPHTRT. 

Porphyry  has  been  for  so  many  centuries  used  as  an  ornamental 
stone,  and  the  term  has  been  so  often  employed  by  lapidaries  and 
authors  who  were  ignorant  of  geology,  that  its  popular  acceptation 
is  quite  too  loose  for  scientific  description.  Nor  are  geologists 
exactly  agreed  as  to  its  meaning.  'The  term  porphyry,'  says 
Macculloch,  *  is  applied  to  a  rock  in  which  crystals  of  common 
feldspar  are  imbedded  in  a  simple  or  compound  base.'  ^  The 
word  porphyry/  says  a  writer  in  the  Eklinburgh  Review,  '  signifies 
at  present  a  rock  having  a  compact  basis,  through  which  are  scat- 
tered  crystals  of  some  other  minerals.'  '  Since  the  time  of  Wer- 
ner,' says  the  Dictionnaire  Classique  D'Histoire  Naturelle, '  most 
mineralogists  confine  the  name  Porphyry  to  rocks  with  a  porpby- 
roid  structure,  composed  of  a  paste  of  compact  feldspar  more  or 
less  mixed,  which  envelopes  crystals  of  feldspar  ordinarily  whitish.' 
Brongniart  defines  porphyry  as  having  a  'paste  of  amphibolic 
petrosilex,  red  or  reddish,  enveloping  obvious  crystals  of  feldspar.' 

Since  porphyry  passes  into  other  rocks,  we  ought  to  recollect  a 
remark  of  Macculloch,  that  'the  term  porphyry,  when  used  in 
geological  description,  must  not  always  be  taken  too  strictly  in  its 
mineralogical  sense.'  With  the  latitude  which  this  remark  gives, 
the  porphyry  of  Massachusetts  conforms  to  the  strictest  of  the 
above  definitions. 
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Mineralogical  Characters. 

1.  Compact  Feldspar.  (Nos.  1206  to  1228.)  This  mineral, 
more  or  less  changed  by  other  substances  chemically  mixed  with 
it,  forms,  1  believe,  the  basis  of  all  the  porphyry  in  Massachusetts. 
At  any  rate,  1  have  found  none  the  base  of  which  I  was  not  able 
to  fuse  with  a  common  blowpipe :  and  this  fact,  in  connection 
with  another,  that  the  great  mass  of  our  porphyry  has  a  base  of 
well  characterised  compact  feldspar,  has  satisfied  me  that  this  is 
the  predominant  ingredient  in  the  whole  of  it.  But  this  compact 
feldspar,  both  that  which  forms  the  paste  of  porphyry,  and  that 
which  contains  few  or  no  feldspar  crystals,  varies  exceedingly  in 
color,  in  toughness,  and  in  the  ease  with  which  it  can  be  fused. 
And  to  what  but  an  admixture  with  more  or  less  of  other  minerals, 
can  we  impute  these  differences  ? 

It  seems  to  me,  that  in  the  present  state  of  geological  science, 
we  may  take  it  for  granted,  that  compact  feldspar  has  once  been 
melted.  But  what  was  the  original  rock  from  which  it  was  pro- 
duced ?  Judging  from  the  present  constitution  of  the  earth's 
crust,  we  must  suppose  that  rock  to  have  been  one  in  which  feld- 
spar only  predominated,  but  did  not  exist  alone ;  or  in  some  cases 
perhaps,  the  feldspar  formed  only  a  small  proportion  of  the  whole. 
The  melting  down  of  such  rocks  would  produce  just  such  varieties 
of  compact  feldspar  as  we  find  to  exist.  Sometimes  they  would 
be  almost  pure,  while  at  other  times  they  would  contain  so  much 
silex,  or  other  earth,  that  they  could  scarcely  be  distinguished 
from  bornstone,  jasper,  quartz,  &c.;  and  their  fusion  would  be 
quite  difficult. 

Now  it  seenis  to  me  that  there  is  too  close  a  resemblance  be- 
tween this  a  priori  reasoning  and  facts,  to  permit  us  to  regard  the 
former  as  mere  hypothesis.  It  obviously  gives  us  a  clew  to  the 
whole  history  of  compact  feldspar,  and  prepares  us  to  expect  as 
great  anomalies  in  its  characters  as  can  present  themselves. 

Compact  feldspar  in  the  vicinity  of  Boston  forms  deposits  of 
considerable  extent :  I  mean  that  variety  which  is  so  deficient  in 
crystals  of  feldspar,  that  it  would  not  generally  be  denominated 
porphyry.  It  is  true,  however,  that  a  careful  examination  of  this 
rock,  will  almost  always  detect  these  crystals  in  it ;  and  soihetimes 
polishing  will  bring  to  light  a  porphyritic  structure  where  it  was 
not  previously  obvious.  Hence  I  have  not  hesitated  to  reckon 
compact  feldspar  as  a  variety  of  porphyry.  Tlie  variety  most 
wanting  in  feldspar  crystals  usually  lies  between  genuine  porphyry 
or  sienite  on  the  one  side,  and  gray  wacke  on  the  other.  A  de- 
posit of  it  thus  situated,  extends  from  M edford  to  Maiden.  An- 
other strip  of  it  may  be  seen  in  the  south  part  of  Dorchester  and 
Roxbury,  and  in  the  north  part  of  Milton  and  Dedham.  The 
same  range,  probably,  appears  and  forms  hills  in  Needham  and 
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Natick.  It  is  most  likely  the  other  extremity  of  this  range  that 
appears  in  Hingham.  Often  a  portion  of  these  deposits,  espec- 
ially on  that  side  where  they  unite  with  graywacke,  exhibits 
somewhat  of  a  slaty  structure  ;  and  when  describing  gray  wacke, 
I  have  mentioned  a  variety  which  is  conglomerated  compact  feld- 
spar. This  was  noticed  near  Neponset  river,  not  far  from  the 
line  between  Milton  and  Dorchester. 

Although  the  compact  feldspar  under  consideration  assumes 
almost  every  variety  of  color,  yet  there  are  certain  predominant 
colors.  One  of  the  most  common  is  a  grayish  white :  as  in  Med- 
ford,  where  some  of  the  rock  has  the  aspect  of  granular  quartz. 
This  variety  sometimes  assumes  a  yellowish  tinge,  as  in  Newbury ; 
and  this  appears  to  be  one  of  the  purest  varieties  of  this  rock, 
and  the  one,  which,  if  any,  will  answer  for  Turkey  stones.  (No. 
1206.)  A  dark  gray  color  b  another  that  prevails ;  and  some- 
times it  is  obvious  that  the  rock  embraces  fragments  of  indurated 
slate,  not  perfectly  incorporated  with  the  feldspar.  A  more 
striking  and  very  common  variety  is  red,  of  various  shades,  from 
brownish  to  blood  red.  The  latter  variety  abounds  in  Hingham, 
where  ledges  of  it  may  be  seen  a  little  north  of  the  village ; 
and  an  interesting  exhibition  of  it  is  made  at  the  excavation 
for  the  Boston  and  Worcester  rail  road  in  Needham.  Speci- 
mens of  this  rock  can  hardly  be  distinguished  from  the  jasper 
so  called,  of  Saugus;  and  probably  it  is  essentially  the  same 
thing,  viz.  compact  feldspar  with  a  mixture  of  some  other  ingre- 
dients. Both  of  them  are  fusible  with  some  difficulty  into  a 
semi-transparent  porous  glass.  They  correspond  pretty  nearly  in 
their  characters  to  the  rose  petrosilex  of  Sahlberg,  described  by 
Berthier  in  the  36th  volume  of  the  Annates  de  Chimie  et  de 
Physique,  and  which  he  regards  as  a  distinct  species  from  com- 
pact feldspar,  and  which  Beudant  has  since  described  as  such. 
However,  it  seems  to  me  that  if  we  make  a  distinct  species  of 
this  variety,  we  must  make  a  dozen  others  from  the  compact  feld- 
spar of  Massachusetts.  He  would  erect  this  into  a  new  species, 
chiefly  because  it  differs  from  feldspar  so  much  in  composition. 
But  if  compact  feldspar  had  an  igneous  origin,  should  we  not  ex- 
pect its  composition  to  vary  much  according  to  the  greater  or  less 
quantity  of  foreign  substances  that  happened  to  melt  and  mix 
with  the  feldspar :  nor  would  this  be  a  reason  for  making  distinct 
species,  so  long  as  the  constituents  of  feldspar  predominated. 
Some  specimens  of  our  compact  feldspar  of  a  reddish  color  ex- 
hibit traces  of  a  schistose  structure,  and  are  even  traversed  by 
thin  veins  and  layers  of  quartz.     These  melt  with  great  difficulty. 

These  are  the  principal  varieties  of  color  that  I  have  met  with 
in  the  non-porphy  ritic  compact  feldspar  of  Massachusetts.  When 
porphyritic,  however,  it  exhibits  several  other  predominant  colors, 
which  will  be  mentioned  in  the  proper  place. 
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2.  Antique  Porphyry.  {Porphyre  antique^  Al.  Brongniart.) 
This  variety  constitutes  the  great  mass  of  the  porphyry  in.  the  vicin- 
ity of  Boston  :  and  I  call  it  antique  because  it  so  closely  resembles 
that  used  in  the  monuments  and  ornamental  furniture  of  the  an- 
cients. As  to  this  point  we  have  the  testimony  of  Prof.  A.  Brong- 
niart, who  quotes  *  Chelsea  near  Boston ;'  as  a  locality  of  porphyry, 
and  says  that  *  it  entirely  resembles  the  antique  porphyry.'*  He 
might  have  added  that  probably  as  many,  if  not  the  same  varieties 
occur  in  the  vicinity  of  Boston,  as  were  employed  by  the  ancients. 
The  specimens  which  I  have  placed  in  the  collection,  and  the  most 
of  which  are  polished,  Will  render  this  statement  probable.  For  if 
I  could  obtain  so  many  varieties  during  the  little  time  that  I  have 
spent  in  examining  this  formation,  how  extensive  a  suite  might  be 
brought  to  light  by  long  and  careful  research ! 

The  compact  feldspar  that  forms  the  base  of  these  porhpyries 
presents  numerous  varieties  and  shades  of  color.  One  of  the  most 
elegant,  is  a  light  green,  such  as  occurs  in  Chelsea  and  Maiden; 
(Nos.  1264,  1256,  1257,)  or  the  deeper  green  that  I  have  met 
with  in  Milton,  ^o.  1255.)  Red  of  various  shades  is  a  still  more 
frequent  color.  (Nos.  1247  to  1253.)  A  reddish  brown  is  some- 
times met  with.  (Nos.  1240,  1241,  1243,  1258.)  A  neariy  black 
color  more  often :  (Nos.  1234, 1235,  1236.)  A  gray  color  some- 
limes:  (Nos.  1239,  1242,  1244,)  and  a  purple  color  rather  sel- 
dom. (Nos.  1232,  1233.)  The  imbedded  crystals  are  usually  of  a 
light  color,  sometimes  white,  sometimes  brown,  and  sometimes 
greenish.  Generally  they  are  foliated,  very  rarely  compact,  and 
distinguished  from  the  base  chiefly  by  the  color. 

8.  Porphyry  with  a  hose  of  compact  Feldspar^  and  two  or  more 
minerals  imbedded.  (Nos.  1258  to  1262.)  Feldspar  and  quartz  are 
the  two  minerals  present ;  but  1  have  noticed  usually  small  plates  of 
mica.  Sometimes  it  is  very  obvious,  indeed,  that  this  rock  is  interme- 
diate between  sienite  and  porphyry.  In  other  words,  it  seems  to  be 
the  former  rock  partly  melted  down  into  the  latter.  The  porphyry 
of  the  Blue  Hills  is  chiefly  made  up  of  this  variety ;  though  some 
perfectly  formed  porphyry  is  found  there.  The  quartz  is  usually 
hyaline  and  smoky,  and  sometimes  it  forms  the  only  imbeded  min- 
eral ;  the  feldspar  being  all  compact.  In  such  cases  especially, 
where  the  base  is  of  a  light  color,  the  rock  exceedingly  resembles 
trachytic  porphyry;  (Nos.  1261,  1262,)  and  it  will  hardly  admit 
of  being  polished  for  ornamental  purposes.  That  a  porphyry, 
which,  by  being  thus  associated  so  intimately  with  sienite,  is  proved 
to  be  one  of  the  oldest  varieties  on  the  globe,  should  so  much  re- 
semble the  most  recent  variety,  proves  that  similar  causes  have  op- 
erated in  its  production  at  different  and  very  remote  periods. 

•  Classification  des  Roches,  p.  108. 
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4.  Brecciated  Porphyry.     I  know  not  bow  to  describe  tbis  va- 
riety  better,  tban  by  saying  that  it  is  composed  of  angular  Trag- 
roeixts  of  porphyry  and  compact  feldspar,  re-united  by  a  paste  of 
the  same  materials,  which  is  itself  also  porpbyritic.     Hence  it  ap- 
pears that  there  must  have  been  an  original  formation  of  these 
rocks,  (compact  feldspar  and  poq>hyry,)  which  was  subsequently 
broken  up,  either  by  the  mechanical  agency  of  water,  or  the  me- 
chanico-chemical  agency  of  heat,  redissolving  and  mingling  the 
materials.     The  fragments  are  of  various  colors,  usually,  however, 
gray  or  red :  and  this  proves  that  rocks  from  different  localities 
must  have  been  mixed  together.     The  paste  is  commonly  in  the 
greatest  quantity  ;  and  the  rock  is  as  hard  and  broken  with  as  much 
difficulty  as  any  other  variety  of  porphyry.     It  is  not  a  very  cooi^ 
mon  or  abundant  variety :   but  for  ornamental  purposes  it  affi)rds 
specimens  of  great  delicacy.  (Nos.  1263  to  1S70.) 

Topography  of  Porphyry. 

Only  three  ranges  of  this  rock  are  given  on  the  Map ;  and  these 
are  all  in  the  eastern  part  of  the  State.  Two  of  them, — the  prin- 
cipal ones, — lie,  the  one  on  the  north  and  the  other  on  the  south 
of  Boston,  having  their  longitudinal  direction  east  and  west.  The 
third  is  in  Essex  county,  extending  easterly  from  Byfield  Acade- 
my, nearly  or  quite  to  the  coast.  This  strip  is  chiefly  compaci 
feldspar  and  mostly  the  red  variety.  It  certainly  deserves  a  more 
thorough  examination  than  I  have  been  able  to  give  it. 

In  some  places  farther  south,  as  for  instance  on  the  turnpike  be- 
tween Boston  and  Newburyport,  in  Topsfield,  I  observed  a  rock 
in  place,  intermediate  between  pprpbyry  and  greenstone :  and  not 
improbably  genuine  porphyry  may  be  found  in  the  vicinity. 

Tbis  rock  is  roost  fully  developed  in  its  characters  in  the  range 
a  little  north  of  Boston,  extending  from  West  Cambridge  through 
Maiden  and  Medford  to  the  east  part  of  Lynn.  The  southeni 
border  of  this  strip,  certainly  towards  its  western  extremity,  is 
compact  feldspar.  The  porphyry  (mostly  antique,  though  some- 
times brecciated,)  forms  a  broken  ridge  of  considerable  height^ 
generally  naked  and  precipitous  on  its  southern  side.  On  the 
north  it  is  succeeded  by  sienite,  and  the  two  rocks  are  so  closely 
connected  that  the  line  between  them  is  very  obscure  and  irregu- 
lar. I  am  satisfied,  however,  that  this  porphyry  range  has  been 
usually  represented  too  wide.  This  is  the  range  that  will  proba- 
bly furnish  the  best  varieties  for  ornamental  purposes,  whenever 
the  public  taste  shall  create  a  demand. 

There  is  reason  to  suppose  that  this  range  once  extended  much 
farther  east  than  at  present.  For  Hon.  H.  A.  S.  Dearborn  in- 
forms me  that  Halfway  Rock,  lying  in  the  ocean  several  miles 
east  of  Marblehead,  is  porphyry.     Indeed,  specimen  No.  1964, 
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which  be  pfeseoted  Co  tney  will  show  that  it  is  the  finest  brecciated 
porphyry  in  the  State,  which  I  have  met  with.  Now  as  this 
island  lies  nearly  in  the  direction  of  the  Maiden  and  Lynn  por« 
phyry  range  continued  easterly,  1  infer  that  it  did  once  reach  so 
far ;  (and  perhaps  does  now  beneath  the  ocean  ;)  nor  can  we  say 
how  much  farther.  We  see  here  from  whence  proceeded  the 
porphyry  pebbles  that  are  so  common  along  the  southern  shore  of 
Massachusetts  Bay,  and  on  the  blands  of  Nantucket  and  Martha's 
Vineyard. 

The  porphyry  range  south  of  Boston  occupies  much  more  of 
the  surface  than  that  just  described  ;  and  yet  I  doubt  whether  it 
contains  so  much  genuine  porphyry.  It  extends  with  some  ap* 
parent  interruptions,  (though  I  doubt  whether  there  are  any  real 
interruptions,)  from  Natick  to  Hingham,  through  a  part  of  Need- 
bam,  Dedham,  Milton,  Braintree,  Quincy,  and  Weymouth.  I 
have  not  found  it,  however,  in  the  latter  place,  and  have  marked 
the  deposit  of  this  rock  in  Hingham  as  insulated  from  the  rest. 
This  patch  is  chiefly  compact  feldspar.  The  range,  it  will  be 
seen,  embraces  the  greater  part  of  the  Blue  Hills,  the  most  ele- 
vated land  in  the  vicinity  of  Boston,  its  highest  point  rising  more 
than  700  feet  above  the  ocean.  But  it  is  only  the  upper  part  of 
this  mountain  that  is  composed  of  porphyr/,  and  by  no  means  the 
whole  of  its  summit  neither :  for  sienite  is  frequently  found  there. 
The  porphyry  is  chiefly  that  variety  which  has  a  trachy tic. aspect, 
being  evidently  intermediate  between  porphyry  and  sienite. 

I  have  met  with  rocks  approaching  to  porphyry  in  no  other 
places  in  the  State,  except  one  or  two.  In  the  sienite  of  Whately 
I  found  a  vein  of  compact  feldspar  two  or  three  feet  wide ;  but 
the  foliated  structure  of  the  feldspar  was  not  entirely  obliterated. 
In  the  argillaceous  slate  of  Guilford,  Vt.,  a  quite  distinct  porphy- 
roid  granite  occurs,  and  with  it  well  characterised  greenish  com- 
pact feldspar.  These  rocks  are  so  obviously  granite,  imperfectly 
melted  down,  that  I  have  thought  it  best  to  describe  them  under 
granite,  and  to  place  the  specimens  (Nos.  1467  to  1470)  among 
those  of  granite.  A  specimen  (No.  1211)  of  the  Whately  com- 
pact feldspar  will  be  found  in  the  collection. 

Geological  Position, 

Of  ail  the  questions  that  have  exercbed  the  ingenuity  of  geol- 
ogists, none  appear  to  me  more  perplexing  and  unprofitable  than 
those  which  they  have  raised  and  discussed  relative  to  the  primi- 
tive, transition,  and  secondary  character  of  porphyries.  In  read- 
ing Humboldt's  remarks  on  the  transition  of  porphyries,  in  his 
Essay  on  the  Superposition  of  Rocks,  I  have  been  reminded  of  a 
cnan  benighted  in  a  quagmire.  Every  effort  which  he  makes  to 
extricate  himself,  only  plunges  him  in  deeper.      Am  I  asked 
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whether  the  porphyry  of  Massachusetts  belongs  to  the  Primitive, 
Transition,  or  Secondary  class  ?  I  reply  that  it  belong  to  none 
of  them,  but  is  a  member  of  a  series  of  rocks  consisting  of  gran- 
ite, sienite,  porphyry,  and  greenstone,  which  have  been  protruded 
through,  or  among  the  stratified  rocks,  subsequent  to  their  depo- 
sition. I  say  protruded :  for  if  there  be  ground  for  making  any 
theoretical  inferences  whatever  in  geology,  it  seems  to  me  that  it 
exists  in  this  instance.  The  mere  existence  of  these  rocks,  there- 
fore, among  those  of  any  particular  stratified  class,  does  not  prove 
that  they  were  produced  at  the  same  epoch :  it  only  proves  that 
the  unstratified  rock  was  of  subsequent  production.  On  the  other 
hand,  if  we  find  a  stratified  rock  lying  above  others  which  are 
penetrated  by  veins  of  an  unstratified  rock,  while  this  superior  one 
is  never  thus  penetrated,  we  may  safely  infer  that  it  was  deposited 
since  the  protrusion  of  the  unstratified  rock.  These  seem  to  be 
the  two  grand  limits  of  our  inquiries  in  respect  to  the  ages  of  the 
unstratified  rocks.  And  if  this  were  all  that  is  meant  when  the  inqui- 
ry is  made,  whether  they  are  primitive,  transition,  or  secondary,  a 
satisfactory  answer  might  be  given.  In  respect  to  the  relative  po- 
sition of  the  porphyry  of  Massachusetts,  however,  I  have  but  little 
to  say,  because  but  few  facts  have  fallen  under  my  observation. 
I  have  never  met  with  an  instance  in  which  this  porphyry  was  ex- 
hibited in  juxtaposition  with  any  stratified  rock :  except  as  already 
reniarked,  the  compact  feldspar  succeeds  to  the  graywacke  as  an 
older  rock  and  gradually  passes  into  porphyry.  This  porphyry, 
however,  is  associated,  both  on  the  north  and  south  of  Boston, 
with  sienite  ;  and  in  all  cases,  so  far  as  [  have  observed,  the  por- 
phyry lie$  above  the  sienite,  and  there  is  a  gradual  transition  be- 
tween the  two  rocks.  This  fact  is  most  obvious  in  the  Blue  Hill 
range,  where  one  is  often  much  perplexed  to  decide  whether  the 
rock  be  sienite  or  porphyry.  The  sienite  in  these  cases,  however, 
it  is  important  to  remark,  is  never  so  far  as  I  know,  that  variety 
consisting  of  compact  feldspar  and  hornblende,  which  occurs  as  a 
member  of  the  overlying  family  of  rocks,  but  that  variety  composed 
essentially  of  feldspar,  quartz  and  hornblende,  which  is  connected 
with  granite.  Hence  1  infer  that  our  porphyry  belongs  to  the 
oldest  varieties  of  this  rock  that  have  been  described. 

Mineral  ConteiUs. 

Although  in  South  America,  according  to  Humboldt,  porphyry 
forms  the  matrix  of  gold  and  some  other  metals,  yet,  in^general 
this  rock  is  remarkably  destitute  of  foreign  minerals.  It  is  so  io 
Massachusetts.  In  Maiden  it  contains  a  little  specular  oxide  of 
iron,  and  this  is  the  only  mineral  hitherto  announced  as  occurring 
in  it.     A  careful  examination  of  specimen  No.  1222  with   a  mi- 
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croscopey  has  led  roe  to  the  belief  that  it  contains  a  minute  quantity 
of  native  gold.  The  quantity  is  so  very  small  that  an  assay  can- 
not be  made  of  it :  yet  it  certainly  bears  an  exact  resemblance  to 
native  gold.  The  specimen  is  an  extremely  hard  variety  of  com- 
pact feldspar  approaching  flinty  slate,  from  the  Blue  Hills.  I 
should  not  allude  to  this  circumstance  were  not  the  porphyry  of 
South  America  rich  in  this  metal. 

Theoretical  Consider atiom. 

Porphyry^  or  rather  its  base,  has  more  the  appearance  of  hav- 
ing once  been  melted  than  any  of  the  unstratified  rocks,  except 
perhaps  some  of  the  vesicular  traps.  It  has  been  thought  by 
some  d'lstinguished  writers  that  compact  feldspar  ought  to  be  re- 
garded as  a  mineral  species  distinct  from  common  feldspar,  chiefly 
because  soda  is  found  in  it  more  frequently  than  potassa,  and  often 
exclusively.  But  one  has  only  to  examine  the  analyses  of  these 
two  substances,  to  see  that  in  this  respect  there  is  great  diversity 
among  both  varieties.  If  compact  feldspar  is  common  feldspar  or 
albite  that  has  been  melted  in  connection  with  other  minerals,  we 
ought  to  expect,  as  I  have  remarked  in  another  place,  that  its 
composition  would  not  coincide  with  that  of  common  feldspar. 
And  that  it  does  result  from  this  change  in  common  feldspar,  I 
can  hardly  doubt,  when  I  often  see  specimens  that  have  not  en- 
tirely lost  their  foliated  structure,  being  intermediate  between  the 
two  minerals.  And  then  the  chemical  efiects  that  have  been  pro- 
duced on  other  rocks  in  the  vicinity  of  compact  feldspar,  (exam- 
ples of  which  have  been  mentioned  under  greenstone,)  clearly 
point  us  to  an  igneous  agency. 

1  have  elsewhere  elucidated  the  argument  in  favor  of  the  igne- 
ous origin  of  all  rocks  that  are  porpbyritic,  drawn  from  the  chem- 
istry of  the  subject.  If  that  argument  be  valid,  it  is  obvious  that 
it  will  apply  with  peculiar  force  to  the  rock  under  consideration. 

It  is  not  uncommon  to  meet  with  specimens  of  porphyry  that 
exhibit  traces  of  an  originally  slaty  structure  in  all  or  a  part  of  the 
materials  composing  it.  This  clearly  points  us  to  a  slaty  rock  as 
the  source  from  which  porphyry  was  derived.  And  sometimes 
fragments  of  this  rock,  along  with  fragments  of  compact  feldspar, 
flinty  slate,  &c.,  are  scattered  through  the  mass  as  if  partly 
melted  down ;  very  much  as  fragments  appear  in  the  slag  of  a  fur- 
nace. They  seem  to  be  all  but  incorporated  with  the  paste,  and 
the  whole  mass  presents  an  appearance  of  a  more  perfect  chemi- 
cal union  than  any  rock  resulting  from  aqueous  agency  ever  ex- 
hibits, unless  it  be  entirely  crystalline. 

Under  what  peculiar  circumstances  the  matter  composing  por- 
phyry was  indurated,  so  as  to  prevent  the  greater  part  of  the  mass 
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from  assuming  a  crystalline  slate,  it  seems  to  me  diflicult  to  coo* 
jecture  :  and,  ihereforei  I  will  not  indulge  in  any  speculations  upon 
it.  The  gradual  passage  of  this  rock  into  sienite,  without  any  ap- 
parent change  of  ingredients,  seems  to  indicate  that  the  peculiari- 
ties of  porphyry  did  not  result  chiefly  from  the  nature  of  the 
materials  employed  in  its  production. 

17.    SlENITE. 

Most  writers  define  classic  sienite  to  be  essentially  composed  of 
feldspar  and  hornblende :  the  first  ingredient  in  the  greatest  quan- 
tity. It  is  essential  also,  that  it  should  be  connected  with  the 
overlying  or  trap  rocks.  This  definition  corresponds  but  to  a  small 
part  of  the  sienite  of  Massachusetts.  The  greater  part  of  it  con- 
tains quartz  as  a  constant  and  somewhat  abundant  ingredient,  and 
mica  is  very  often  present.  The  most  of  our  sienite  is  tire  granitic 
variety,  and  might  perhaps  have  been  described  as  sienitic  granite. 
Yet  in  the  eastern  part  of  the  State,  it  is  very  intimately  associated 
with  greenstone  ;  and,  therefore,  I  have  thought  it  best  to  describe 
all  the  varieties  of  rock,  between  greenstone  and  porphyry  on  one 
side,  and  common  granite  on  the  other,  into  whose  composition 
hornblende  enters,  under  the  name  of  sienite.  Maccullocb's  de- 
finition, which  he  says  '  alone  rigidly  accords  with  the  common 
definition  of  sienite,'  embraces  the  most  important  variety  of  our 
sienite :  viz.  a  graniform  mixture  of  feldspar,  hornblende,  and 
quartz.  And  this  definition  I  shall  take  as  the  type  of  the  rock 
now  to  be  described. 

The  original  specimen  to  which  Werner  applied  the  name  sien- 
ke  came  from  Sienna  in  upper  Egypt,  whence  were  obtained  many 
of  the  Egyptian  monuments,  such  as  Cleopatra's  Needle,  Pom- 
pey's  Pillar,  &c.  But  this  rock,  it  is  now  well  known,  is  nothing 
but  a  red  granite  with  black  mica  and  a  very  small  proportion  of 
hornblende  ;  a  rock  quite  diflferent  from  what  Werner  supposed. 
This  mistake  has  occasioned  almost  endless  coniusion  in  geological 
descriptions.  Roziere  jsroposed  a  remedy.  Ascertaining  that 
mount  Sinai  in  Arabia  is  composed  of  genuine  sienite,  he  proposed 
to  change  sienite  into  Sinaite :  but  geologists  have  unfortunately 
neglected  the  hint. 

3Knerahgical  Characters. 

1.  Feldspar  and  Hornblende.  This  diflbrs  from  greenstone 
by  the  predominance  of  the  feldspar :  and  yet  it  is  obvious  that  in 
respect  to  many  specimens,  and  even  very  large  deposits,  it  is  dif- 
ficult to  decide  whether  they  should  be  referred  to  the  former  or 
to  the  latter  rock.    In  almost  all  cases  both  the  ingredients  are 
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more  or  less  crystalline:  though  sometimes,  as  at  Nabant,  the  feld- 
spar seems  to  be  passing  to  a  compact  state.  The  hornblende  is 
almost  universally  black  ;  the  feldspar  white,  greenish,  and  yellow- 
ish. (Nos.  1271  to  1285.) 

1  apprehend  that  by  a  careful  examination  of  the  specimens  of 
this  variety,  nearly  all  of  them  would  be  found  to  contain  more  or 
less  quartz :  but  quartz  and  feldspar,  when  seen  through  a  micro- 
scope, resemble  each  other  so  much,  that  it  is  not  easy  to  decide. 
At  any  rate,  this  variety  insensibly  admits  quartz  and  mica  into  its 
composition,  and  thus  approximates  to  granite.  It  is  hardly  ne- 
cessary to  say,  that  on  the  other  hand  it  passes  into  greenstone. 
Thb  variety,  although  elegant,  is  rarely  wrought  for  ornamental 
purposes,  on  account  of  the  proverbial  toughness  of  the  horn- 
blende. 

2.     Feldipaty  Quartz^  and  Hambknde.    This  variety  em- 
braces  nearly  all  the  sienite  in  the  State  that  is  employed  for  archi- 
tectural purposes,  including  the  quarries  at  Quincy  and  those  on 
Cape  Ann.      Feldspar  is  the  most  abundant  ingredient.     This  is 
foliated,  and  commonly  of  a  grayish,  bluish,  or  yellowish  color. 
A  hyaline  quartz,  varying  in  color  from  quite  light  to  quite  dark 
gray,  is  very  uniformly  mixed  with  the  feldspar,  so  as  to  exhibit 
bomogeneousness  in  the  midst  of  variety.     In  general,  the  horn- 
blende, which  is  black,  is  very  sparingly  disseminated,  and  hand 
specimens  often  contain  not  a  particle.     Indeed,  over  extensive 
tracts  I  have  sometimes  not  met  with  any.     Hence  I  regard  this 
hornblende  as  an  unessential  ingredient ;  and  consequently  have 
arranged  under  this  variety  a  rock  very  common  in  the  vicinity  of 
Boston,  diflfering  from  that  just  described  only  by  the  absence  of 
hornblende.      It  is  most  common  a  considerable  distance  south  of 
Boston  in  the  counties  of  Norfolk  and  Plymouth.     In  some  in- 
stances, as  may  be  seen  by  the  specimens,  Nos.  1286  to  1308« 
the  feldspar  b  flesh  red,  or  a  liliac  red,  and  in  others  of  a  blood  red 
color.      Its  great  resemblance  in  structure  and  composition  to  the 
Quincy  and  Cape  Ann  sienites,  and  the  remarkable  absence  of 
mica,  have  led  me  to  associate  it  with  the  variety  under  considera- 
tion :  and  in  fact  it  forms  a  part  of  the  same  range.     I  distinguish 
this  rock  from  granite  only  by  the  absence  of  mica :  yet  it  must 
be  obvious  that  this  mark  is  not  very  satisfactory. 

Sometimes  the  feldspar  in  this  compound  of  that  mineral  and 
quartz,  is  nearly  or  quite  compact.  I  have  observed  this  variety 
most  frequently  in  the  north  part  of  Essex  county,  as  in  Rowley 
and  Newbury.  A  like  compound  is  connected  with  the  sienite  of 
other  countries. 

3.  Feldspar^  Hornblende^  Quartz^  and  Mica.  In  this  qua- 
ternary compound  we  have  a  still  nearer  approach  to  granite. 
and  generally  it  passes  into  granite  by  the  disappearance  of  hom- 
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blende  and  the  increase  of  quartz  and  mica.  Yet  in  all  cases 
where  I  have  noticed  it,  this  rock  occupies  a  position  between  gen- 
uine granite  and  the  newer  stratified  rocks.  Hence  I  infer,  that 
geolc^ically  considered,  the  difference  between  it  and  granite  are 
important  to  be  noticed. 

The  feldspar  und  hornblende  are  the  predominant  ingredients  m 
this  variety.  The  quartz  is  in  so  small  grains  that  it  is  apt  to  es- 
cape notice ;  and  the  mica  being  usually  black,  is  very  easily  mis- 
taken for  hornblende.  In  general  all  the  ingredients  exhibit  a  live- 
liness of  crystalline  structure  which  is  observable  only  in  the  old- 
est rocks.  The  feldspar  is  ordinarily  white,  sometimes  flesh  ad- 
ored, and  the  hornblende  black.  The  grain  of  the  rock  is  com- 
monly finer  than  that  of  the  2d  variety.  As  yet  it  has  been  but 
seldom  employed  for  architectural  purposes ;  although  it  would  be 
beautiful  and  enduring.  (1319  to  1940.) 

4.  Porphyritic  S%enite,(JSos*  1341  to  1349.)  I  mean  by  this  term 
any  sienite  through  which  are  interspersed  crystals  or  foliated  masses 
of  feldspar,  so  as  to  give  the  rock  a  porphyritic  aspect.  I  do  not 
recollect,  however,  ever  having  seen  the  last  variety  above  de- 
scribed, porphyritic.  And  indeed,  nearly  all  the  rock  which  I  re- 
gard as  porphyritic  sienite  in  Massachusetts,  and  specimens  of 
which  will  he  found  in  the  collection,  is  almost  entirely  destitute ' 
of  hornblende  ;  and  hence  many  geologists  would  regard  it  as  por- 
phyritic granite.  But  the  specimens  are  rarely  wanting  in  veins 
and  disseminated  masses  of  compact  epidote,  and  I  cannot  but  re- 
gard this  mineral  as  more  decidedly  characteristic  of  our  sienite 
than  hornblende.  If  thb  be  present  and  the  mica  almost  or  en- 
tirely absent,  I  have  little  hesitation  in  regarding  the  rock  as  geo- 
logically a  part  of  a  sienite  deposit. 

The  most  elegant  variety  of  porphyritic  sienite  that  I  have  met 
with  in  the  State,  occurs  in  Abington,  and  North  Bridgwater,  and 
in  other  parts  of  Plymouth  county.  Its  base  consbts  of  quartz 
and  feldspar,  with  an  abundance  of  epidote  disseminated  and  in 
veins.  The  feldspar  crystals  that  constitute  it  a  porphyry,  are  of 
a  flesh  color.  There  is  also  a  dark  colored  mineral  difiiised 
through  the  mass,  which  may  be  hornblende  or  mica.  This  rock 
if  polished  would  form  it  seems  to  me  the  most  elegant  ornamental 
stone  in  the  State.  (Nos.  1344  to  1347.) 

The  sienite  of  Cape  Ann  is  often  porphyritic.  In  one  place, 
about  half  way  between  Sandy  Bay  and  Gloucester  Harbor,  I 
found  a  variety  in  whksh  the  imbeded  feldspar  crystals  are  of  a 
very  rich  bronze  color,  approaching  in  appearance  to  hypersthene. 
but  when  this  rock  is  smoothed  its  aspect  is  too  dark  to  be  ele- 
gant. (No.  1343.) 

5.  Conghmerated  Sienite.  (Nos.  1350  to  13S3.)  This  is  a 
most  interesting  variety  on  account  of  the  bearing  which  its  char- 
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acters  hare  upon  the  theory  of  the  formation  of  sienite.  I  have 
met  With  it  chiefly  in  the  compound  No.  3,  just  described.  The 
rock  in  general  does  not  differ  from  that  variety  ;  but  it  contains 
rounded  masses  of  the  oldest  stratified  rocks.  It  is  in  fact  a  real  con« 
glomerate  ;  and  in  some  places  the  nodules  are  so  numerous  that  it 
has  very  much  the  aspect  of  the  coarse  pudding  stones  of  the  newer 
rocks.  The  nodules  vary  in  size  from  the  diameter  of  half  an 
inch  to  that  of  six  or  eight  inches.  They  are  not  smoothed,  like 
the  pebbles  in  the  more  recent  conglomerates,  by  mechanical  at^ 
trition :  but  they  appear  like  masses  of  rocks  that  have  been  partly 
melted  down  by  heat.  In  almost  all  cases  hornblende  predomi- 
nates in  these  nodules :  and  often  they  consist  of  distinct  horn- 
blende slate.  Sometimes  they  contain  mica  in  considerable  quan- 
tity, and  more  rarely  they  consist  chiefly  of  quartz  and  mica,  the 
former  in  excess,  forming  a  kind  of  quartz  rock.  Feldspar  is  also 
frequently  present,  especially  in  those  cases  where  the  schistose 
structure  is  indistinct :  and  sometimes  the  nodule  appears  to  be  only 
a  variety  of  sienite  in  which  the  feldspar  is  in  a  smaller  quantity 
than  usual.  Upon  the  whole,  I  think  1  have  ascertained  the  pres- 
ence of  hornblende  slate,  mica  slate,  and  quartz  rock,  in  these 
nodules.  When  the  rock  is  broken  they  are  knocked  out  without 
difficulty,  like  the  pebbles  from  a  common  conglomerate. 

The  theoretkal  inferences  deducible  from  these  facts  I  shall  re- 
serve for  the  sequel. 

6.  AugUic  Sienite.  The  presence  of  hornblende  in  this  rock 
and  the  absence  of  mica,  have  led  me  to  call  it  augitic  sienite  rathr 
er  than  augitic  granite :  although  in  position  it  is  associated  with 
granite.  There  are  two  varieties.  The  first  is  composed  of  black 
hornblende,  greenish  augite,  and  yellowish  feldspar ;  all  the  ingre- 
dients except  the  feldspar  exhibiting  a  very  distinct  and  lively  crys- 
talline structure.  This  variety  occurs  in  the  northern  part  of 
Bekhertown.  The  other  variety,  which  I  have  found  only  in 
bowlders  in  Amherst,  consists  of  augite  and  feldspar ;  the 
former  being  so  arranged  in  the  latter  as  to  present  the  appearance 
of  letters.  (Nos.  1362,  1363.) 

Topography  of  Sienite. 

The  eastern,  and  northeastern  parts  of  Massachusetts  most 
abound  in  sienite.  A  large  part  of  Essex  county  is  based  upon  it, 
as  are  several  towns  in  Middlesex.  On  the  south  of  Boston  it 
spreads  over  a  large  part  of  Norfolk  county  and  some  part  of 
Plymouth.  A  glance  at  the  Map  will  show  where  it  prevails  most 
extensively.  In  all  these  places  it  forms  hills  of  moderate  eleva- 
tion with  no  very  striking  characters.  Its  particular  situation  in 
respect  to  greenstone  and  granite  I  have, already  described  in 
treating  of  the  former  rock. 
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The  only  other  place  id  the  State  where  I  have  met  with  sienite 
in  place,  is  in  the  valley  of  the  Coaoecticut.  Here  I  have  marked 
two  deposits  of  considerable  extent.  The  6rst  extends  from  Mount 
Holyoke  in  Belchertown  to  Cbickopee  river  and  a  little  beyood: 
the  other,  on  the  west  side  of  the-  Connecticut,  occupies  a  con- 
siderable part  of  Northampton  and  Hatfield,  and  extends  to  the 
centre  of  Wbately. 

Although  sienite  very  much  resembling  that  which  exists  in  the 
valley  of  the  Connecticut  occurs  in  the  eastern  part  of  the  State, 
yet  none  like  that  which  is  so  commonly  employed  for  architec- 
tural purposes  in  the  eastern  part  of  the  State,  known  as  the  Quid- 
cy  and  Cape  Ann  sienite,  is  found  in  the  valley  of  the  CobnecticuL 
Nor  have  I  met  with  any  in  that  valley  which  is  porphyritic.  In- 
deed, I  have  arranged  all  which  has  come  under  my  observation 
io  that  valley,  under  the  quaternary  compouod  described  as  the 
third  variety  in  giving  the  mineralogical  characters ;  although  I 
doubt  not  but  one  or  more  of  the  four  ingredients  may  sometimes 
be  wanting.  Perhaps  all  this  sienite  might  properly  be  described 
as  sienitic  granite,  or  granite  which  takes  a  proportion  of  horn- 
blende into  its  composition. 

The  sienite  in  the  Connecticut  valley  occupies  a  low  level, 
rarely  rising  into  hills  of  more  than  100  or  200  feet  high.  And 
on  the  west  side  of  the  river  a  considerable  part  of  the  formation 
is  buried  up  by  diluvium  and  tertiary  strata. 

The  sienite  of  this  valley  sometimes  exhibits  a  strong  disposi- 
tion to  assume  a  columnar  form.  Perhaps  this  is  exhibited  no 
where  to  better  advantage  than  in  the  ledge  by  the  road  side  about 
a  mile  north  of  Northampton  village.  The  columnar  masses  are 
only  a  few  inches  in  diameter,  and  are  much  less  perfect  than  those 
found  in  greenstone.  The  fact,  however,  is  interesting,  as  indi- 
cating a  simil^ity  in  the  causes  that  produced  the  two  rocks. 

Pseudo'StraiiJication  of  Sienite. 

At  one  of  the  quarries  of  this  rock  at  Sandy  Bay,  Cape  Ann, 
on  the  road  from  thence  to  Squam,  a  remarkably  fine  example  may 
be  seen  of  the  division  of  this  rock  into  parallel  portions.  Their 
thickness  varies  from  two  inches  to  two  feet,  and  great  facility 
is  thus  afforded  for  quarrying  the  stone. 

As  this  apparent  stratification  extends  only  a  few  rods,  while  all 
the  rest  of  the  sienite  on  the  Cape  that  I  have  met  with,  is  un- 
stratified,  we  cannot  regard  this  case  as  real  stratification.  I  con- 
sider it  an  example  of  the  concretionary  structure  on  a  large  scale. 
But  it  is  unnecessary  in  this  place  to  dwell  upon  this  explanatk», 
since  I  have  already  discussed  it  in  treating  of  a  similar  phenome- 
non in  greenstone. 
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Veins  in  Sienite. 

These  are  numerous  and  various  in  their  probable  mode  of  pro* 
duction,  as  well  as  in  their  composition.  Some  of  them  might 
properly  be  denominated,  '  veins  of  segregation  :'*  '  as  they  seem 
to  have  been  formed  by  a  separation  of  parts  durine  the  gradual 
passage  of  the  mineral  masses  into  a  solid  state.'  In  most  cases 
they  appear  to  consist  only  of  harder  portions  of  the  rock,  which 
become  visible  only  by  the  weathering  of  the  surface,  when  they 
are  left  in  projecting  ridges,  and  at  a  little  distance  cannot  be  dis* 
tinguished  from  injected  veins.  I  presume  that  it  will  be  found  in 
all  cases,  that  these  veins  differ  somewhat  in  composition  from  the 
rest  of  the  rock :  and  indeed,  in  some  cases  this  is  obvious,  as 
they  contain  more  or  less  of  a  foreign  mineral,  such  as  epidote  or 
quartz. 

The  greater  part  of  the  veins  in  our  sienite  consist  of  materials 
foreign  to  the  nature  of  the  rock,  and  introduced  subsequently  to 
its  original  production.  I  do  not  say  subsequently  to  its  consolida- 
tion :  for  it  has  appeared  to  me  possible,  that  while  a  molten  mass 
of  rock,  say  sienite,  was  in  an  incipient  state  of  refrigeration,  mat- 
ter of  a  similar  kind,  still  more  intensely  heated,  might  have  been 
injected  into  it  so  as  to  form  veins.  And  the  very  near  approach 
which  some  of  the  veins  in  sienite  and  granite  exhibit  to  veins  of 
segregation,  has  led  me  to  the  suspicion  that  they  might  have  been 
produced  in  some  such  way,  rather  than  by  the  Glling  up  of  open 
fissures  subsequent  to  the  consolidation  of  the  mass  of  the  mck. 
However,  very  many  of  the  veins  in  our  sienite  were  obviously 
produced  in  the  mode  last  mentioned:  for  we  find  that  lateral 
slides,  sometimes  of  considerable  extent,  have  taken  place  along 
the  course  of  the  vein ;  and  this  could  not  probably  have  been 
done  till  after  a  considerable  degree  of  induration. 

No  substance  is  so  common  in  the  veins  of  our  sienite  as  epi- 
dote. Yet  the  veins  of  this  description  are  far  less  conspicuous 
than  others,  because  they  are  so  thin.  Often  they  are  easily 
mistaken  for  mere  seams.  The  epidote  is  commonly  very  com- 
pact and  resembles  greenish  compact  feldspar :  it  has  not,  how- 
ever, the  toughness  of  that  mineral,  and  it  melts  rather  easily  be- 
fore the  blowpipe  into  a  black  enamel.  Sometimes  the  epidote 
of  these  veins  is  semi-crystalline  and  well  characterised.  I  think 
that  the  lateral  slides  in  the  sienite  mentioned  above,  occur 
more  frequently  in  connection  with  these  epidote  veins  than  with 
any  other. 

The  other  substances  composing  veins  in  our  sienite,  are  gran- 

^Sedgwick's  Anniversary  Address  before  the  London  Geol.  Soc.  1831)  p.  3. 
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ite,  feldspar,  and  quartz.  The  graoite  is  most  commoD :  though 
geDerally  feldspar  is  greatly  id  excess,  and  frequently  no  mica  is 
present.  Hence  the  vein,  by  a  slight  change,  becomes  entirely 
feldspar,  ordinarily  of  a  reddish  hue.  In  one  instance  only,  which 
has  been  already  mentioned  under  porphyry,  a  vein  two  or  three 
feet  wide  consisted  entirely  of  compact  feldspar.  The  quartz 
veins  are  frequently  hollow  and  abound  in  delicate  crystals  of  the 
same  mineral. 

By  far  the  most  instructive  exhibition  of  the  veins  that  have 
beeq  described,  occurs  in  Whately,  a  mile  or  two  a  little  west  of 
south  from  the  congregational  meeting  bouse.  I  subjoin  a  few 
sketches  of  those  that  struck  me  as  particularly  interesting. 


S 

Veins  in  sienite:  wnately. 

The  above  sketch  represents  an  area  about  10  feet  long,  and 
6  feet  wide,  aa^  Is  a  fine  grained  granite  vein  an  inch  wide  at 
the  upper  end,  and  decreasing  downward :  i,  another  granite  vein 
of  fine  grain,  one  foot  wide :  c,  a  similar  one  of  equal  width :  d  is 
a  fissure,  or  rather  an  epidote  vein. 

aoy  Is  obviously  the  oldest  vein ;  for  it  is  cut  off  by  6,  and  this 
again  by  c.  Hence  we  have  here  granite  and  sienite  of  fowr 
epochs:  1st  the  rock  of  sienite  itself:  2d  the  vein  a;  dd  the  vein 
6,  protruded  subsequently :  and  4th  the  vein  c,  injected  last  of  all. 
At  what  epoch  the  vein  d  cut  off  a,  a,  we  have  no  means  of  ascer- 
taining ;  only  that  it  was  previous  to  the  formation  of  the  vein  c, 
since  this  is  not  affected  by  the  lateral  slide  apparent  in  a,  a. 

Macculloch  say,s  that  '  there  have  been  granites  found  where  a 
vein  of  a  third  granite  traversed  a  vein  of  a  second  and  different 
one,  which  had  previously  traversed  the  mass  of  a  first.'*  The 
preceding  sketch  proves  a  fourth  production  of  granite  :  for  there 
can  be  no  doubt  but  the  sienite  of  Whately  is  a  variety  of  granite. 
But  if  the  suggestion  above  made,  relating  to  the  successive  pro- 
duction of  different  granite  veins,  while  yet  the  rock  which  they 
traverse  was  in  a  fluid  or  semi-fluid  state,  be  admitted ;  we  need 

•  System  of  Oeoloi^,  VoL  I.  p.  503, 
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not  suppose  any  long  interval  between  the  formation  of  these  veins. 
However,  1  do  not  place  confidence  enough  in  the  suggestion  to 
make  it  the  foundation  of  any  important  inlerence. 

The  rock  in  the  following  sketch  is  about  15  feet  long,  d^d^  d. 
Is  a  vein  of  feldspar,  two  inches  wide  at  its  western  extremity  : 
but  it  ramifies  at  the  other  end  and  almost  disappears,  a,  b,  c. 
Are  veins  of  epidote,on  each  side  of  which  the  sienite  has  become 
indurated  so  as  to  present  ridges  on  the  surface  of  the  rock  an 
inch  or  two  in  width ;  the  epidote  being  a  mere  line  in  thickness. 
These  veins  have  cut  off  the  feldspar  vein  and  produced  an 
echellon  movement  of  the  central  part,  e  Is  a  nodule  of  some 
other  rock  enclosed  in  the  sienite  and  cut  off  by  the  feldspar  vein. 


Veins  in  Sienite :  Whately. 

We  have  here  only  two  successive  formations  of  granite,  though 
the  epidote  veins  were  protruded  at  a  third  epoch.  And  the  lat- 
eral movement  of  the  sienite  by  these  veins,  indicates,  it  seems  to 
me,  that  although  the  rock  was  consolidated  at  the  surface,  yet 
not  probably  to  any  great  depth,  when  these  epidote  veins  were 
injected  ;  otherwise  I  cannot  conceive  how  such  a  movement  could 
have  been  produced.  A  slight  heaving  of  the  waters  of  a  stream 
would  break  and  produce  various  slides  in  the  ice  on  its  surface 
when  it  was  quite  thin :  but  let  the  river  be  frozen  nearly  to  the 
bottom,  and  such  movements  would  be  produced  with  great  diffi- 
culty. 

The  following  sketch  was  formerly  inserted  in  the  6tli  volume 
of  the  American  Journal  of  Science :  but  such  a  curious  succession 
of  echellon  movements  have  been  produced  in  the  granite  veins, 
a,  a,  &;c.  &,  &,  &;c.  by  the  epidote  veins,  d^  d^  &c.  that  I  thought  it 
deserved  a  place  here.  The  sides  of  the  rock  represented  are 
about  4,  6  and  10  feet,  c  Is  a  fragment  of  some  stratified  rock 
imbedded  in  the  sienite  and  cut  through  by  the  vein  &.  The 
widtli  of  the  granite  veins  varies  from  one  to  2  1-2  inches. 


Digitized  by  VjOOQ IC 


450  ScUfUific  Geology. 


Veins  in  Sienke :  VThately. 

It  is  easy  to  conceive  how  the  detached  portions  of  these  two 
granite  veins  might  be  brought  into  alignmenif  ^to  continue  the 
allusion  above  made  to  military  roancenvres,)  but  how  they  could 
have  been  thrown  into  their  present  position,  except  when  the 
rock  was  in  a  fluid  state,  [  am  unable  to  conceive.  And  yet  there 
must  have  been  consistence  enough  in  the  veins  to  prevent  their 
being  difiused  through  the  sienite.  Does  not  thb  example  lend 
some  plausibility  to  the  suggestion  that  has  been  made,  relative  to 
the  protrusion  of  veins  while  yet  the  rock  was  in  a  partially  fluid 
state  ?  Or  must  we,  in  order  to  explain  such  a  case  as  the  present, 
suppose  a  second  fusion  of  the  rock  ? 

Geological  Paition  of  Sienite. 

I  am  not  aware  that  any  of  the  sienite  of  Massachusetts  can  be 
properly  called  an  overlying  rock :  that  is,  I  have  (bund  no  exam- 
ple where  it  lies  above  other  rocks.  On  one  side  it  usually  pass- 
es by  insensible  gradations  into  granite  and  on  the  other  into 
greenstone  and  porphyry  :  or  when  these  rocks  are  wanting,  some 
of  the  stratifled  rocks,  such  as  hornblende  slate,  graywacke,  or 
new  red  sandstone,  repose  upon  it.  At  least  this  is  the  impression 
I  have  received  from  all  the  examinations  which  I  have  made  of 
our  sienite ;  although  I  cannot  refer  to  particular  spots  where 
these  various  rocks  are  brought  into  the  relations  that  have  been 
described.  The  low  level  at  which  our  sienite  is  placed,  has  caus- 
ed it  to  be  very  much  covered  with  diluvium,  so  as  to  hide  its 
junction  with  other  rocks.  Yet  in  all  cases  where  this  rock  oc- 
curs, we  find  it  between  the  oldest  granite  and  greenstone,  or  the 
earlier  stratified  rocks.  Hence  I  infer  that  a  portion  of  the  mate- 
rials of  which  granite  is  composed,  under  certain  circumstances 
were  converted  into  sienite,  and  that  these  circumstances  existed 
generally  in  that  portion  of  the  melted  granite  nearest  the  newer 
stratified  rocks.  Or  if  we  suppose  it  erupted  at  a  different  epoch 
irom  the  granite,  certain  causes  always  forced  it  upwards  between 
the  granite  and  the  newer  rocks.     Or  if  we  suppose  it  to  have  re- 
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suited  from  the  meltiDg  down  of  the  stratified  rocks,  then  perhaps 
their  more  or  less  perfect  fusion  produced  the  difiereoce  which  we 
find  between  granite  and  sienite.  But  more  of  this  last  suggestion 
in  the  sequel. 

Mineral  Contents. 

The  limits  between  sienite  and  granite,  as  well  as  between  sien- 
ite and  greenstone,  are  so  vague  and  unsettled,  that  it  is  not  al- 
ways easy  to  ascertain  to  which  of  these  rocks,  minerab  described 
by  different  writers  belong ;  since  in  such  a  case  geologists  will  be 
apt  to  give  diflbrent  names  to  the  same  rock.  Genuine  sienite,  I 
mean  that  which  is  best  characterised,  is  in  Massachusetts  rather 
barren  of  simple  minerab :  not  quite  so  much  so,  however,  as  por- 
phyry. By  far  the  most  common  mineral  is  epidote  ;  whose  char- 
acters and  mode  of  occurrence  I  have  pointed  out.  The  sienite 
used  for  architectural  purposes  from  the  vicinity  of  Boston,  contains 
less  of  this  mineral  than  any  other  variety  in  the  State. 

There  is  an  interesting  variety  in  the  feldspar  of  this  rock.  In 
Beverly  a  few  years  since,  a  considerable  quantity  of  green  feld- 
spar was  obtained  from  a  rock  near  the  centre  of  the  place.  The 
bronze  colored  feldspar  of  Cape  Ann  has  been  already  described, 
and  that  which  is  of  a  lilac  color  in  Hingham.  In  Charlestown  a 
a  variety  occurs  in  which  the  prisms  exhibit  stripes  of  various 
colon,  and  some  have  proposed  for  it  the  name  taenitey  on  ac- 
count of  its  resemblance  to  a  ribbon.  On  Holyoke  and  Tom  I 
have  described  a  variety  of  trap  in  which  this  mineral  presents  a 
similar  appearance.  According  to  Professor  Webster,  hypersthene 
occura  in  the  sienite  of  Hingham  along  with  hornblende.  Ame- 
thyst b  said  to  exist  in  the  same  rock  in  that  place. 

In  the  sienite  of  Beverly,  fluate  of  lime  and  zircon  have  been 
found ;  and  the  former  mineral  in  the  rolled  masses  of  this  rock 
in  Seekonk.  In  that  of  Chariestown  Prof.  Nuttall  discovered 
arragonite.  Prehnite,  according  to  Prof.  Webster,  of  superior 
excellence,  b  found  there  in  the  sienite :  and  that  gentleman  has 
recently  informed  me,  that  he  has  discovered  in  the  same  rock 
very  superior  specimens  of  chabasie  and  laumonite. 

*  I  have  the  satisfaction  to  sUte,'  says  Dr.  C.  T.  Jackson,  in  a 
letter  lately  received,  *  that  I  have  found  a  vein  in  the  sienite  of 
Cambridge,  consisting  of  calcareous  spar,  serpentine,  prehnite, 
laumonite,  and  chabasie.  The  three  last  occur  in  very  handsome 
specimens  crystalized.  The  calcareous  spar  occurs  crystalized 
generally  in  the  form  of  dog-tooth  spar.  It  is  of  a  honey  yellow 
color  and  is  very  brilliant.' 

The  veins  of  quartz  abounding  in  delkate  crystals  in  the  sienite 
of  Northampton  and  Whately,  have  been  mentioned.  Associated 
with  these,  I  have  sometimes  found  a  mineral  crystalized  in  four 
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sided  prisms,  which  I  hare  been  disposed  to  refer  to  red  otide  of 
titaniuin.  The  best  place  for  obtMoing  these  mioeralsy  particularly 
the  quartz,  is  in  Wbateljr,  about  two  and  a  half  miles  south  of  the 
meeting  house.  Some  of  the  drusy  surfaces  of  this  quarts  pre* 
sent  a  curious  pseudomorphous  appearance.  (No.  1369.)  Its 
precisely  such  an  appearance  as  would  result  from  making  randoiD 
cuts  in  the  quartz,  while  in  the  state  of  a  paste,  with  a  thin  bladed 
knife.  Obviously  it  has  proceeded  from  the  infiltration  of  the 
quartz  around  some  mineral  in  thin  plates,  originally  occupying 
the  cavities,  and  subsequently  decomposing. 

Following  the  eastern  margin  of  this  sienite  about  a  mile  south 
into  Hatfield,  from  the  locality  just  mentioned,  we  find  a  vein  of 
sulphate  of  baryta,  from  one  to  four  feet  wide,  running  by  the 
magnetic  needle  W.  32  l-S"  N.,  and  dipping  about  90^  This 
baryta  is  the  gangue  of  the  sulphuret  of  lead,  blende,  and  pyri- 
tous  copper.  It  has  been  excavated  several  feet,  and  the  quantity 
of  baryta  thrown  out  was  immense. 

Since  the  publication  of  the  first  edition  of  this  Report,  I  have 
received  from  Sandy  Bay,  in  Gloucester,  Cape  Ann,  well  charac- 
terised specimens  of  sulphuret  of  molybdenum.  It  is  in  plates 
in  a  vein  of  quartz  running  through  sienite. 

Theoretical  Comiderationi. 

Sienite  is  very  rarely  found  in  Massachusetts  in  continuous  veins 
in  other  rocks  like  granite  and  greenstone.  Sometimes,  however, 
as  I  have  formerly  stated,  it  penetrates  sienite  of  a  difl!erent  va- 
riety, or  greenstone,  in  so  many  directions  and  in  such  large 
quantity,  that  the  rock  so  penetrated  is  divided  into  numerous  frag- 
ments forming  a  kind  of  breccia.  Even  in  these  cases,  the  sienite 
which  thus  forms  veins,  contains  but  little  hornblende.  Upon  the 
whole  the  argument  in  iieivor  of  the  igneous  origin  of  sienite  from 
the  mechanical  or  chemical  efibcts  of  its  veins,  is  comparatively 
fiseble. 

In  the  conglomerated  sienite  whieh  has  been  described,  how- 
ever, I  think  we  have  a  peculiar  and  forcible  argument  in  favor  of 
the  former  fusion  of  this  rock  by  heat.  Some  other  theoretical 
inferences  also  result  from  the  facts  in  this  case,  which  will  need 
more  minute  details  than  have  yet  been  given. 

1  have  frequently  observed  this  variety  of  sienite  in  the  eastern 
part  of  the  State.  But  there  the  nodules  are  so  much  changed 
in  their  characters  that  they  seem  to  be  only  a  variety  of  sienite. 
It  is  in  the  valley  of  the  Connecticut  that  the  most  interesting  and 
striking  facts  on  this  subject  are  developed ;  and  in  that  valley 
Whately  b  the  place  that  most  particularly  claims  attention.  The 
following  imperfect  sketch  will  give  an  idea  of  the  situation  of  the 
conglomerated  sienite   there.     It  is  the  northern  point  of  a  range 
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extending  through  Hatfield  and  Northampton  southerly :  and  it 
here  abuts  against  a  limited  deposit  of  hornblende  slate,  whose 
strata  run  nearly  N.  E.  and  S.  W.  as  a,  a,  and  stand  nearly  per- 
pendicular to  the  horizon. 

This  slate  is  succeeded  on  the  west  by  mica  slate,  6,  b,  6,  which 


indeed,  sometimes  alternates  with  the  hornblende  slate.  On  the 
eastern  side  dy  d^  d^  the  sienite  and  the  slate  are  covered  by  the 
diluvium  and  new  red  sandstone  of  the  valley  of  the  Connecticut. 
The  sienite  and  hornblende  slate  are  elevated  not  more  than  100 
or  200  feet  above  the  general  level  of  that  valley :  but  directly 
west  of  these  rocks  the  mica  slate  rises  more  rapidly  into  ridges  of 
much  greater  elevation,  forming  the  eastern  margin  of  the  broad 
range  of  the  Hoosic  mountain. 

Now  I  have  been  led  by  an  examination  of  the  spot  just  de- 
scribed, (whose  length  is  3  or  4  miles  and  breadth  less  than  one,) 
to  conclude  that  the  sienite  was  formed  by  the  melting  down  of 
the  hornblende  slate.  I  infer  this  chiefly  iVom  the  fact  that  this 
rock,  as  has  been  described,  contains  nodules  of  this  slate,  ap- 
pearing as  if  rounded,  not  by  mechanical  attrition,  but  by  heat. 
Why  it  should  happen  that  the  fusion  of  this  slate  should  give 
rise  to  the  production  of  feldspar,  we  may  not  be  able  fully  to 
understand.  And  yet,  if  we  suppose  the  hornblende  slate  to  be 
composed  of  hornblende,  mica  and  quartz,  as  it  sometimes  is  in 
Whately,  or  that  it  alternates  with  mica  slate,  as  it  does  there, 
we  sbaU  have  in  the  materials  melted  down,  all  the  essential  in- 
gredients of  feldspar,  viz.  silex,  alumina,  and  potassa.  A  certain 
degree  of  heat  may  be  all  that  is  necessary  to  enable  these  el- 
ements to  enter  into  the  new  combination  that  is  necessary  to  the 
production  of  feldspar.  At  any  rate,  I  think  I  am  not  mistaken 
in  the  fact,  that  as  the  imbedded  nodules  in  the  slate  approach 
more  nearly  to  sienite  in  their  characters,  and  recede  from  those 
of  slate,  the  greater  the  quantity  of  feldspar.  What  can  this  cir- 
cumstance result  from,  but  from  the  greater  degree  of  heat  to 
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which  such  nodules  have  been  subject  ?  Tlieir  losing  in  so  great 
a  degree  the  slaty  character  proves  that  they  have  been  more 
nearly  melted. 

Another  circumstance  lends  in  my  opinion  a  plausibility  to  the 
preceding  suggestions.  Towards  the  northern  extremity  of  the 
hornblende  slate  above  described,  and  at  least  a  mile  distant  from 
the  sieoite,  we  find  the  slate  composed  of  compact  feldspar  and 
hornblende ;  and  its  schistose  structure  almost  obliterated.  There 
is  also  a  tendency  in  the  rock  to  divide  into  columnar  and  rhom- 
boidal  forms.  Now  in  these  facts  we  see,  it  seems  to  me,  the  ef- 
fects of  a  heat  sufficient  to  produce  a  partial  fusion  of  the  rock, 
but  not  an  entire  obliteration  of  the  slaty  structure :  sufficient  for 
the  production  of  feldspar,  but  not  for  its  crysulization.  All  this 
indicates  a  source  of  heat  of  great  power  at  a  small  depth  where 
probably  genuine  sieuite  exists. 

There  is  another  fact  which  I  have  noticed  in  one  portion  of 
this  sienite,  that  lends  still  farther  support  to  these  views.  Two 
miles  south  of  the  spot  where  the  sienite  and  slate  meet,  I  observed 
the  traces  of  an  obsolete  stratification  in  the  former  rock,  run- 
ning in  the  same  direction  as  the  basset  edges  of  the  slate,  indi- 
cated on  the  preceding  sketch  by  dotted  lines.  There  is  no  actual 
division  of  the  sienite  into  parallel  portions  but  only  the  marks  of  a 
former  division  by  a  sort  of  segregated  ridges.  The  existence  of 
the  nodules  of  slate  in  the  sienite  proves  that  the  fusion  of|  the  rock 
was  never  complete  ;  and  in  these  faint  traces  of  original  stratifi- 
cation do  we  not  see  evidence  of  the  same  fact ;  and  in  the  coin- 
cidence of  direction  between  the  strata  of  hornblende  slate  and 
these  marks,  have  we^ not  presumptive  evidence  of  the  origin  that 
I  have  imputed  to  the  sienite  ? 

These  various  facts  and  inferences  have  led  my  own.  mind  to 
make  another  inquiry.  Do  we  not  here  see  the  reason  why  one 
part  of  a  deposit  is  sienite,  and  another  part  granite ;  that  is,  a 
rock  destitute  of  hornblende  ?  When  the  fusion  of  a  rock  is  com- 
plete and  the  heat  carried  to  a  certain  degree,  may  not  the  produc- 
tion of  hornblende  become  impossible,  because  those  affinities  and 
polarities  operate  that  produce  other  minerals,  especially  feldspar 
and  mica  ?  The  sienite  in  the  valley  of  the  Connecticut  at  least, 
occupies  a  position  generally  between  the  granite  and  the  newer 
stratified  rocks.  And  if  we  suppose  the  heat  to  have  been  greater 
at  the  time  of  the  production  of  these  rocks,  in  proportion  to  the 
depth  beneath  the  surface,  it  is  obvious  that  it  must  have  been  great- 
er where  the  granite  was  produced,  than  where  the  sienite  is  now 
found.  For  even  if  we  do  not  suppose  the  sienite  to  have  result- 
ed from  the  fusion  of  stratified  rocks,  yet  the  proximity  of  its  ma- 
terials to  these  rocks  must  have  greatly  reduced  the  temperature 
of  these  materials :  and  if  the  stratified  rocks  were  melted  to  form 
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it,  still  more  certaioiy  would  such  be  the  result.  Whether  the 
position  of  sienite  io  other  parts  of  the  world  is  similar  to  that  in 
the  place  under  consideration,  I  know  not ;  nor  can  I  say  wheth- 
er that  in  the  eastern  part  ofs  Massachusetts  will  throw  any  light 
upon  these  speculations. 

This  suggestion,  as  to  the  ground  of  difference  between  sienite 
and  granite,  derives  some  support  from  the  great  scarcity  of  crys- 
talized  minerals  in  the  former,  compared  with  those  in  the  latter. 
I  can  imagine  no  cause  for  this  difference  so  probable,  as  a  more 
or  less  perfect  fusion  of  the  materials.  The  history  of  porphyry 
leads  the  mind  to  the  same  conclusion. 

These  hypothetical  views  I  am  aware  are  new.  But  I  have 
been  led  to  form  them  from  the  facts  that  have  been  detailed  ; 
and  if  they  are  thought  by  geologists  to  deserve  consideration,  1 
hope  that  facts  derived  from  other  deposits  of  sienite  and  granite 
will  be  brought  to  light  to  prove  their  fallacy  or  correctness. 

18.    GRANITE. 

Having  included  under  sienite  all  those  unstratified  granitic  com- 
pounds which  contain  hornblende  as  a  constituent,  the  de6nition 
of  granite  becomes  easy.  It  is,  indeed,  the  common  definition, 
which  makes  it  to  consist  of  quartz,  feldspar  and  mica.  Dr.  Mac- 
culloch  adds  hornblende :  but  it  seems  to  me  that  this  destroys 
the  usual  distinction  between  granite  and  sienite.  Granite  may, 
indeed,  contain  disseminated  crystals  of  hornblende,  as  of  garnet, 
pinite,  or  any  other  mineral :  but  if  the  quantity  of  this  hornblende 
is  so  great  that  it  must  be  regarded  as  a  regular  constituent  of  the 
rock,  I  do  not  know  why  it  should  not  take  the  name  of  sienite, 
unless  we  should  merge  all  sienite  in  granite  :  and  to  this  I  have 
no  objections.  1  can  conceive,  indeed,  how  the  geological  rela- 
tion of  granite  with  hornblende,  may  be  such  to  granite  without 
hornblende,  that  it  would  be  preposterous  to  attempt  to  separate 
them :  but  I  know  of  no  such  case  in  Massachusetts.  Here  sien- 
ite occupies,  as  we  have  seen,  a  constant  geological  position  in 
respect  to  the  granite  about  to  be  desciibed. 

Mineralogical  Characters. 

1.  Common  Granite.  This  variety  embraces  nine  tenths  of  the 
granite  in  Massachusetts.  AH  those  compounds  of  quartz,  feld- 
spar, and  mica  are  included  in  it,  which  differ  only  in  the  size  of 
the  ingredients,  in  the  greater  or  less  perfection  of  their  crystal- 
line structure,  and  in  their  color.  In  these  respects  they  do  dif- 
fer almost  infinitely,  as  may  be  seen  by  the  numerous  specimens 
from  various  parts  of  the  State  in  the  collection.  (Nos.  1372  to 
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1461.)  Generally  the  quartz  is  gray,  sometimes  smoky,  some- 
times blue,  and  sometimes  yellow.  The  feldspar  is  ordinarily 
yellowish  white ;  sometimes  green,  as  in  Southbridge  ;  sometimes 
blue,  as  in  Leverett ;  sometimes  tinged  with  purple,  as  in  Palmer ; 
and  more  often  flesh  colored,  as  in  the  coarse  granite  found  in 
Stanford,  West6eld,  Amherst,  &c.,  and  in  the  finer  grained  gran- 
ite in  the  southeast  part  of  the  State.  The  mica  is  more  com- 
monly of  a  silver  color ;  sometimes  of  a  straw  or  gold  yellow,  or 
greenish  ;  sometimes  of  a  brown  color ;  sometimes  black ;  some- 
times rose  red  ;  and  sometimes  it  is  prismatic,  as  in  Russell  and 
Norwich. 

In  magnitude  the  ingredients  vary  from  that  of  masses  one  and 
even  two  feet  in  diameter,  to  those  so  small  that  they  can  be  dis- 
tinguished but  with  difficulty  by  the  naked  eye.  Those  granites 
that  possess  a  fine  grain  are  the  only  varieties  that  are  employed 
for  architectural  purposes.  The  coarsest  varieties  are  generally 
found  in  veins. 

2.  Pseudomorphous  Granite.  This  is  a  variety  that  exhibits 
a  structure  so  peculiar  that  I  have  thought  it  deserves  a  distinct 
notice.  Suppose  the  quartz  and  feldspar  requisite  to  form  a  coarse 
granite  to  be  united  into  a  ^olid  mass.  Suppose  the  mass  to  be 
now  penetrated  in  various  directions  by  the  blade  of  a  thin  knife, 
and  the  cavities  thus  produced"  to  be  filled  by  plates  of  mica  not 
more  than  one  fiftieth  of  an  inch  thick.  Although  these  plates 
would  form  solid  angles,  they  would  not  intersect  one  another ; 
and  so  it  is  in  the  rock.  The  smallest  fragment  of  the  quartz  and 
feldspar  are  often  separated  by  the  mica ;  but  I  have  never  seen 
one  plate  of  that  mineral  intersect  another.  The  solid  angles 
which  these  plates  form  in  the  quartz  and  feldspar,  however,  ap- 
pear like  the  projecting  angles  of  crystals,  and  hence  I  have  ap- 
plied to  this  granite  the  term  pseudomorphous.  The  mica  is  us- 
ually of  a  deep  bronze  color  and  often  the  plates  are  four  or  five 
inches  across.  (No.  1462.) 

3.  Porphyritk  Granite.  (Nos.  1463  to  1470.)  In  this  va- 
riety, besides  the  ingredients  composing  the  mass  of  the  rock,  and 
which  are  quartz,  feldspar,  and  mica,  distinct  imbedded  crystals  of 
feldspar  are  superadded.  In  Europe  the  basis  of  this  rock  is  said 
to  be  fine  grained :  but  in  Massachusetts  it  is  more  commonly 
rather  coarse  grained. 

Perhaps  the  most  remarkable  porphyritic  granite  in  the  State 
occurs  in  place  in  the  west  part  of  Harvard.  (No.  1465.)  It  is 
a  gray  rather  coarse  granite  with  white  feldspar,  and  the  imbedded 
crystals  are  often  two  inches  across ;  and  being  white,  they  give 
to  the  rock  a  striking  appearance ;  and  it  has  actually  been  mis- 
taken by  some  writers  for  a  conglomerate ! 

In  Chester  a  large  protruding  mass  of  granite  in  the  west  part 
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of  tbe  town  is  porpbyritic.  The  imbedded  crystals  are  much  less 
than  those  just  described^  and  of  a  gray  color.  The  rock  resem- 
bles porpbyritic  gneiss ;  but  lacks  both  the  laminar  and  stratified 
structure.  (No.  1463.) 

Probably  a  part  of  the  rock  which  I  have  described  as  porpby- 
ritic sienite  in  the  south  east  part  of  the  State,  as  in  Abington, 
North  Bridgwater,  Fair  Haven,  &c.  may  more  properly  be  regard- 
ed as  granite.  Indeed,  as  this  rock  is  usually  destitute  of  born- 
blende,  perhaps  the  whole  should  be  regarded  as  granite. 

A  very  peculiar  porpbyritic  granite  occurs  in  the  argillaceous 
slate  of  Guilford,  Vt.  just  without  the  limits  of  Massachusetts.  I 
should  have  described  this  rock  as  a  porphyry,  were  it  not  obvi- 
ously a  granite  that  has  been  partially  fused.  We  can  easily  trace 
the  gradations  from  the  perfect  granite  to  a  rock  composed  of  com- 
pact feldspar  and  imbedded  masses  of  quartz.  (Nos.1467  to  1470.) 
At  first  we  perceive  nothing  peculiar,  except  that  the  granite  ex- 
hibits occasional  spots  of  feldspar  of  nearly  a  milk  white  color, 
and  a  little  indistinctness  in  the  foliated  structure  of  the  feldspar. 
At  length  tbe  feldspar  becomes  nearly  all  compact,  and  the  mica, 
reduced  in  quantity,  is  disseminated  in  the  mass  as  well  as  tbe 
quartz.  Finally,  the  feldspar  is  perfectly  compact  and  only  grains 
of  quartz  appear  in  it.  The  rock  now  begins  to  assume  a  slaty 
structure,  and  seems  in  fact  to  be  argillaceous  slate  that  has  under- 
gone a  kind  of  fusion.  The  unchanged  granite  in  this  case  is  fine 
grained,  and  would  form  a  beautiful  stone  for  architectural  pur- 
poses. 

It  may  be  seen  by  the  specimen.  No.  1455,  that  tbe  granite 
from  the  quarries  in  Pelham,  New  Hampshire,  exhibits  a  porphy- 
roid  aspect,  similar  to  that  just  described.  But  I  have  not  visited 
the  locality  and  cannot  say  whether  all  the  circumstances  above 
described  exist  in  that  place. 

4.  Graphic  Granite.  (Nos.  1471  to  1480.)  In  this  variety, 
which  consists  of  quartz  and  feldspar  only,  the  ingredients  are 
usually  in  lengthened  prisms,  so  that  the  cross  fracture  presents 
the  appearance  of  written  characters.  It  is  the  Pegmatite  of  the 
French  geologists.  Dr.  Macculloch  thinks  it  occurs  exclusively 
in  veins.  But  that  is  not  the  case  in  this  country,  unless  every 
protruding  mass  of  granite  be  regarded  as  a  vein.  In  the  coarser 
varieties  of  our  granite,  a  portion  of  the  mass — ^generally  a  small 
proportion — is  graphic :  and  there  is  no  well  marked  line  of  dis- 
tinction between  tbe  varieties.  This  is  particularly  tbe  case  in 
respect  to  the  pseudomorphous  granite,  so  common  in  Conway, 
Goshen,  Williamsburgh,  and  Westhampton.  In  Goshen  a  few 
years  since,  I  found  a  specimen  which  afforded  so  perfect  an  ex- 
ample of  the  graphic  arrangement  in  this  rock  that  I  thought  it 
deserved  to  have  its  surface  copied. 
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Topography  of  Granite. 

Probably  there  is  not  a  town  in  Massachusetts  in  which  more 
or  less  of  granite  does  not  occur,  either  in  situ  or  as  bowlders. 
And  no  rock  is  probably  so  generally  known  as  this :  though  the 
term  is  often  very  loosely  applied. 

To  begin  with  the  eastern  part  of  the  State :  it  will  be  seen  by 
the  Map  that  granite  lies  between  the  sienite  on  one  side,  and  mi- 
ca slate  and  gneiss  on  the  other,  nearly  across  the  State,  from  An- 
dover  to  R.  Island.  Generally  this  granite  is  coarse,  and  it  forms 
no  hills  of  much  altitude.  Obviously  it  has  been  powerfully  abraded 
by  curr^ts  of  water.  In  elevation  it  is  intermediate  between  the 
greenstone  on  one  side,  and  the  gneiss  on  the  other ;  that  is,  as 
we  pass  from  the  coast  westward^  we  gradually  ascend ;  rising 
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slightly  from  the  alluvium  to  the  graywacke;  still  more  as  we 
Gorae  upon  the  greenstooe  and  the  sienite ;  still  more  to  reach  the 
granite,  and  still  more  in  the  region  o(  gneiss.  The  height  of 
land  between  the  ocean  and  Connecticut  river,  is  not  attained  till 
we  pass  west  of  the  valley  of  Worcester.  A  glance  at  the  sec* 
tions  accompanying  this  Report  will  render  these  statements  obvi- 
ous. (Plates  XVl!  and  XVIII.) 

The  southern  part  of  the  range  of  granite  above  spoken  of,  is 
fine  grained  and  passes  into  sienite,  especially  in  Rhode  Island. 
In  the  vicinity  of  Providence  it  is  extensively  wrought  for  archi- 
tectural purposes.  The  splendid  columns  of  fine  grained  white 
granite  in  the  Arcade  in  that  city,  were  obtained  from  a  quarry  in 
Johnstone,  5  miles  northwest  of  Providence.  <  They  are  twelve  in 
number,'  says  Dr.  Webb,  <  cut  out  of  solid  blocks,  Si  feet  long, 
3  feet  in  diameter  at  the  base,  and  weigh  1 1  tons  each.  It  re- 
quired II  yoke  of  oxen  to  draw  each  one  into  town.  It  is  calcu- 
lated that  it  would  have  taken  one  man  upwards  of  six  months  to 
have  wrought  one  of  these  columns.  The  stone  for  the  first  five 
locks  of  the  Providence  and  Worcester  canal,  was  also  obtained 
from  this  quarry.' 

The  broad  deposit  of  granite  marked  between  Narraganset  and 
Buzzard's  Bays,  consists  chiefly  of  the  common  varieties.  Much 
of  it  is  extremely  coarse.  But  in  some  places,  as  at  Fall  River  in 
Troy,  the  grain  is  fine  and  the  rock  well  adapted  to  architecture. 
Along  the  western  border  of  this  range  the  rock  appears  in  place 
in  great  abundance ;  but  as  we  pass  easterly,  the  surface  is  almost 
entirely  covered  with  bowlder  stones,  mostly  of  granite.  On  its 
northern  margin,  however,  where  we  approach  the  graywacke,  the 
loose  blocks  of  this  latter  rock  are  so  accumulated  upon  the  gran- 
ite, and  the  country  is  so  nearly  level,  that  it  is  impossible  to  as- 
certain the  limits  of  the  two  rocks.  As  we  go  easterly  into  the 
region  of  the  Middleborough  ponds,  the  difficulty  increased;  and  I 
have  put  down  an  extensive  patch  of  diluvium  in  that  quarter  on 
this  account.  In  the  vicinity  of  New  Bedford  and  Rochester  the 
same  difficulty  has  perplexed  me  in  ascertaining  the  limits  between 
granite  and  gneiss.  Nor  shall  I  be  disappointed  if  the  lines  which 
I  have  finally  settled  upon  should  need  material  alteration. 

It  will  be  seen  that  I  have  connected  the  Fall  River  range  of 
granite  on  the  east,  with  the  sienitic  granite  in  Cohasset,  Hing- 
ham,  be.  Two  facts  have  led  roe  to  do  this.  In  the  first  place, 
as  we  pass  from  Marshfield  through  Pembroke,  Plympton,  and 
Carver,  to  Wareham,  we  do  occasionally  meet  with  a  ledge  of  gran- 
ite :  and  secondly  the  bowlder  stones  are  nearly  all  granite.  It 
will  be  seen,  however,  that  a  great  part  of  this  region  I  have 
marked  as  diluvial. 

The  Map  will  show,  also,  that  I  have  extended  a  strip  of  granite 
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ffom  Plymouth  into  Barnstable  county  as  far  east  as  Brewster, 
and  carried  another  branch  into  Falmouth.  These  ranges  follow  the 
highest  ridges  in  the  south  part  of  Plymouth  and  in  Bann 
stable  counties.  And  although  in  no  part  of  these  ridges,  with  one 
or  two  exceptions,  have  I  found  rocks  in  place,  yet  such  is  the 
sise  find  number  of  the  bowlders  as  to  satisfy  me  that  they  ba?e 
never  been  far  removed  from  the  parent  rock ;  and  I  cannot  bat 
believe  that  ledges  do  exist  a  little  below  the  surface  ;  and  not  im- 
probably in  some  places,  which  have  not  fallen  under  my  notice, 
they  may  be  found  at  the  surface.  Where  6rst  Cape  Cod  com- 
mences, and  neariy  half  wav  between  Sandwich  and  Falmouth, 
appearances  are  peculiarly  mdicative  of  granite  ledges :  and  they 
continue  nearly  to  the  village  of  Falmouth.  As  we  go  eastward 
they  are  less  striking,  until  we  reach  the  town  of  Brewster,  where, 
as  1  have  shown  under  diluvium,  there  b  reason  to  suppose  the 
shattered  crest  of  a  ledge  appears. 

I  am  aware  that  it  would  have  been  accordant  with  truth  to 
have  colored  the  whole  of  Cape  Cod  as  diluvial.  But  my  rule 
has  been  not  to  exhibit  that  stratum  when  I  could  ascertain  the 
rocks  beneath  it.  Others  must  judge,  whether  the  evidence  of 
the  existence  of  granite  in  place,  in  the  region  under  considera- 
tion, is  probable  enough  to  justify  me  in  the  course  I  have  taken. 

That  gneiss  range  in  the  central  parts  of  the  State,  which  lies 
east  of  the  Worcester  mica  slate,  abounds  in  veins  and  protruding 
masses  of  granite ;  but  I  have  thought  it  useless  to  attempt  to  rep- 
resent them  on  the  Map.  My  opinion  is,  that  in  going  easterly 
the  granite  increases  in  quantity  until  the  gneiss  and  mica  slate  at 
length  dbappear. 

The  Worcester  range  of  mica  slate  contains  numerous  large 
beds  of  protruding  masses  of  granite ;  some  of  them  of  great  in- 
terest, on  account  of  their  adaptedness  to  architectural  purposes. 
It  must  not  be  expected,  however,  that  in  all  cases  a  deposit  of 
granite  will  be  found  in  the  precise  place  where  one  is  marked  on 
Ae  Map,  in  thb  mwa  slate.  In  Worcester  the  spot  thus  colored 
b  intended  to  mark  out  the  true  situation  of  an  interesting  deposit 
of  granite  :  the  only  one  which  I  have  discovered  in  the  southern 
part  of  the  mica  slate.  The  spot  in  Harvard,  also,  represents  a 
deposit  of  remarkable  porphyritic  granite.  In  Westford,  Lowell, 
and  Tyngsborough,  the  spots  colored  as  granite,  indicate  only  that 
numerous  masses  protrude  in  that  vicinity.  In  Pelham,  N.  H.  I 
intended  to  mark  the  bed  which  b  now  extensively  quarried.  In 
Pepperell,  Townsend,  and  Lunenburg,  I  intended  only  that  the 
beds  marked  should  stand  as  the  representatives  of  numerous  veins 
and  masses  in  those  towns.  The  same  b  particularly  tree  of  the 
spots  marked  in  Leominster  and  Westminster.  In  passing  from 
the  former  to  the  latter  place,  granite  is  very  abundant :  and  the 
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mica  slate,  sometimes  for  a  considerable  distance,  disappears.  A 
spot  marked  in  the  south  part  of  Fitchbui^,  is  intended  to  desig- 
nate the  large  hill  of  granite  that  furnishes  so  fine  a  building  stone 
in  that  town. 

Except  in  the  northwest  part,  I  have  colored  no  spot  as  granite 
in  the  extensive  range  of  gneiss  in  Worcester  couqtj.  That  it  ex- 
ists elsewhere  I  doubt  not :  as  on  the  top  of  the  bill  in  Spencer, 
where  one  sees  the  granite  obviously  protruding  through  the  pseudo- 
gneiss  strata :  but  I  believe  that  much,  which  in  that  range  has 
been  called  granite,  is  nothing  but  granitic  gneiss.  It  is  only  after 
long  experience  in  examining  these  rocks,  that  the  diflbrmoe  is 
perceived  between  granitic  gneiss  and  real  granite. 

In  the  northwest  part  of  this  gneiss  range,  especially  in  the  lower 
pan  of  N.  Hampshire,  we  find  the  gneiss  changing  into  ipica  slate, 
with  occasional  masses  of  considerable  extent  of  finegrained  gran- 
ite, generally  excellent  foe  economical  purposes.  The  beds  of 
granite  and  mica  slate  which  are  there  marked,  are  not  intended 
to  represent  the  exact  relative  position  and  quantity  of  the  three 
rocks,  but  only  to  show  that  such  a  succession  of  strata  is  found 
there,  and  that  the  mica  slate  and  granite  occupy  a  large  proper^ 
tion  of  the  surface. 

The  narrow  range  of  granite  extending  from  Amherst  to  the 
north  line  of  the  State,  occupies  an  intermediate  level  between 
the  alluvial  bottom  of  the  Connecticut  valley,  and  the  high  ridge 
of  gneiss  bounding  that  valley  on  the  east.  It  is  an  extremely 
coarse  granite,  and  for  the  most  part  occurs  in  the  form  of  veins 
or  irregular  masses  in  mica  slate  and  gneiss.  And  in  some  places 
these  rocks  very  much  predominate  and  we  lose  sight  of  the  gran- 
ite. 

The  patch  marked  as  granite  in  the  argillaceous  slate  of  Guilford, 
Vt.,  has  been  described  in  giving  the  mineraiogical  characters  of 
this  rock.  I  would  add,  that  the  beds  are  somewhat  numerous, 
although  but  one  is  represented  on  the  Map.  The  deposit  in 
Chester  has  also  been  described.  The  range  extending  firoin  Con- 
way into  Connecticut,  alone  remains  to  be  noticed.  This  occu- 
pies the  space  between  the  sienite  on  the  east,  and  the  mica  slate 
on  the  west  More  or  less  of  the  slate  is  intermixed  with  it  through 
its  whole  extent ;  and  on  the  west,  and  towards  the  south,  this 
slate  abounds  and  predominates.  The  strips  of  mica  slate  running 
into  the  granite,  are  intended  merely  to  indicate  the  fact  that  they 
do  thus  penetrate  it,  rather  than  to  give  an  exact  representation  of 
the  particular  places  where  this  takes  place. 

For  the  most  part  the  granite  of  this  range  is  very  coarse. 
Not  unfrequently,  however,  very  coarse  and  very  fine  granite  are 
associated.     In   the  granite  patch  extending   from   Norwich   to 
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Chesterfield,  (and  which  implies  only  that  beds  are  frequent  in 
that  region,)  the  rock  is  coarser  than  any  that  I  have  found  in  the 
State ;  the  plates  of  mica  being  sometimes  a  foot  or  a  foot  and  a 
half  across.  It  is  these  coarse  granite  veins  that  are  most  prolific 
in  minerals  of  an  interesting  character. 

For  the  most  part  this  granite  range  occupies  a  low  level :  or 
rather  it  is  intermediate  between  the  lowest  and  the  highest  of  the 
rocks  on  the  western  side  of  Connecticut  river.  Some  of  the 
granite  hills  in  Conway,  Williamsburg,  Whately,  and  Westbamp- 
ton,  rise  higher  than  any  others  of  the  same  rock  b  the  State. 
Their  altitude,  however,  is  only  a  few  hundred  feet ;  and  b  far  in- 
ferior to  the  hills  of  mica  slate  lying  immediately  to  the  west. 

Upon  the  whole,  all  the  granite  in  Massachusetts  lies  remarkably 
low  in  respect  to  other  rocks  ;  and  one  cannot  avoid  the  inference 
when  be  examines  its  situation  in  almost  all  cases,  that  the  abra- 
sion of  the  stratified  rocks  may  have  brought  the  granite  to  light. 

In  the  conglomerate  of  the  new  red  sandstone,  at  the  south  end 
of  Sugar  Loaf  mountain  in  Deerfield,  many  of  the  nodnles  consist 
of  a  delicate  variety  of  flesh  colored  graphic  granite.  Whence  it 
originated  I  am  unable  to  conjecture. 

Pteudo'Stratification  of  Granite. 

I  have  met  with  but  one  distinct  example  of  this  peculiar  struc- 
ture in  the  State  :  but  it  is  a  case  of  peculiar  interest.  It  occurs 
in  the  patch  of  granite  marked  in  Worcester.  It  occupies  the 
hill,  200  or  300  feet  high,  a  little  northeast  of  the  village.  The 
rock  is  composed  almost  entirely  of  gray  quartz  and  white  foliated 
feldspar,  with  very  little  mica,  and  hardly  differs  from  the  sienite 
of  Cape  Ann  and  Quincy  ;  although  entirely  destitute  of  horn- 
blende. It  is  quarried  in  varbus  places  on  the  sides  and  top  of 
this  hill,  and  in  several  of  the  excavations  it  exhibits  a  very  dis- 
tinct stratification.  It  is  also  crossed  by  numerous  seams,  nearly 
perpendicular  to  the  horizon,  not  having  any  uniform  direction ; 
and  generally  the  apparent  strata  do  not  correspond  on  opposite 
sides  of  the  seams.  This  seems  to  result  from  their  elevation  or 
depression  on  the  opposite  sides.  I  satisfied  myself,  however,  that 
the  pseudo-strata  conform  on  all  sides  nearly  to  the  slope  of  the 
hill,  being  horizontal  at  the  apex,  and  extending  over  the  sides 
like  the  coats  of  an  onion.  If  this  be  a  fact,  it  shows  conclusively 
that  thb  bill  of  granite  is  an  enormous  concreti<xi.  The  concen- 
tric layers,  however,  do  not  extend  to  every  part  of  the  hill :  and 
this  fact  proves  that  there  is  no  real  stratification  in  the  rock. 

Phenomena  of  Veins  and  Irregular  Protruding  Masses  of 
Granite. 

The  only  modes  in  which  I  have  met  with  granite  in  Massachu- 
setts are  those  of  veins  and  protruding  masses.     In  some  instances 
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regular  masses  with  parallel  planes  are  seen  between  the  strata  of 
other  rocks;  and  on  a  superficial  riew,  seem  interstratified.  But 
careful  examination  has  always  shown  me,  that  such  masses  either 
cross  the  strata  in  a  slight  degree,  or  contract  and  expand  like 
veins :  and  seem  indeed  to  be  veins  coinciding  nearly  with  the  strata 
of  the  contained  rock  in  direction.  I  can  hardly  say  that  I  have 
met  with  granite  as  an  overlying  rock,  though  a  few  cases,  which 
will  be  described  farther  on,  exhibit  this  rock  in  a  near  approach 
to  such  a  condition. 

The  veins  of  granite  in  Massachusetts  penetrate  only  the  older 
rocks ;  the  clay  slate  being  the  latest  in  which  they  are  found. 
AU  the  older  stratified  rocks  abound  in  them ;  though  in  quartz 
rock  I  have  rarely  met  with  any.  In  gneiss  they  are  very  com- 
mon, especially  in  the  gneiss  range  east  of  the  Worcester  county 
mica  slate :  also  in  the  vicinity  of  New  Bedford :  and  in  the 
southern  part  of  the  gneiss  range  in  Hampden  and  Berkshire 
counties.  Mica  slate  is  penetrated  by  them  and  broken  up  by 
protruding  masses  of  granite,  at  almost  every  step,  in  the  granite 
range  on  the  west  of  Northampton^  particularly  in  the  towns  of 
Westfield,  Blanford,  Russell,  Chester,  Norwich,  Williamsburgh, 
Westhampton,  Goshen,  Chesterfield,  Whately,  and  Conway.  In 
talcose  slate  they  are  very  rare  :  in  hornblende  slate  not  common : 
in  micaceous  limestoue  sometimes  met  with :  in  serpentine  I  have 
never  found  one.  In  granite  and  sienite  they  are  very  abundant : 
and  almost  always  the  ingredients  are  much  coarser  than  the  gran- 
ite or  sienite  that  contains  them. 

For  eight  or  ten  years  past  I  have  been  in  the  habit  of  taking 
rough  sketches  of  those  spots  which  I  have  met  with,  where  gran- 
ite veins  and  protruding  masses  exhibited  any  peculiarity  which  I 
supposed  might  be  interesting  to  geologists.  Of  these  cases  I 
shall  now  give  an  account.  1  doubt  not  but  a  very  great  number 
besides  these  might  be  discovered  by  careful  research.  But  to 
search  them  out  requires  a  great  deal  of  labor  and  patience. 

It  ought  to  be  premised,  that  in  a  large  majority  of  cases,  the 
intrusion  of  granite  veins  seems  to  have  produced  very  little  dis- 
turbance in  the  rocks  containing  them.  They  would  seem  to  have 
been  open  fissures  filled  by  the  injection  of  granitic  matter,  with- 
out materially  affecting  the  walls,  except  to  unite  with  them  chem- 
ically. And  the  same  is  true  to  some  extent  in  regard  to  irregular 
masses  of  granite :  that  is,  we  do  not  always  see  any  alteration  in 
the  dip  and  direction  of  the  strata  in  the  immediate  vicinity  of  the 
granite.  Yet  in  such  case  we  usually  find  not  far  distant,  an  ir- 
regularity in  the  position  of  the  stratified  rock. 

In  giving  the  details  which  follow,  it  will  not  be  easy  to  state 
beforehand  any  definite  order  that  will  be  adopted.  The  most 
that  I  shall  attempt  will  be  to  bring  into  juxtaposition  those  cases 
that  are  analogous. 
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The  sketch  below  represents  the  maDner  in  which  the  edges 
of  the  mica  slate  lie  in  contact  with  a  protruding  mass  of  granite 
in  the  south  part  of  Conway.*  At  a,  the  slate  runs  north  and 
south  and  dips  east:  at  6,  it  dips  south :  at  c,  west:  and  at  d, 
southeast.  The  sketch  embraces  an  extent  of  only  a  few  square 
rods. 


(1)  Junction  of  Granite  and  Mica  Slate :  Conway. 

No.  2  exhibits  a  similar  case  near  the  village  of  Blanford,  close 
by  the  road  to  Granville.  The  mica  slate  here  runs  nearly  north 
and  south,  and  dips  80°  west :  except  at  the  end  of  the  mass  of 
granite,  where  the  dip  is  nearly  north,  about  70**  or  80**. 


(2)  Junction  pf  Granite  and  Mica  Slate:  Blanford. 

The  following  case  I  noticed  in  the  west  part  of  Leominster ; 
where  the  numerous  veins  and  masses  of  granite  in  the  mica  slate, 
and  the  great  confusion  obvious  in  the  latter,  made  me  desirous  to 
spend  more  time  in  examining  the  surrounding  region  than  1  was 
able  to  do. 

•  In  all  the  following  cases  the  uncolored  part  of  the  sketch  represents  granite ; 
except  that  in  a  few  cases  (ex.  gr.  No.  9.)  irregular  lines  are  drawn  to  represent 
the  irregular  divisions  of  granite. 
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(3)  junctibto  at  Qtanite  and  Mica  Slate :  Westminster. 

At  by  It  maift  ftf  hoarse  g^tiite  occupies  the  top  of  a  hill  of 
considerable  altitucle.  As  ^  approach  the  road^  descending  from 
the  hilly  the  granite  is  mostly  concealed  by  diluvium.  At  a,  how- 
ever, mica  slate  appears  running  nearly  east  and  west.  A  few 
rods  to  the  west  at  dy  it  runs  nearly  north  and  south  ;  which  is  the 
usual  direction  of  the  slate  in  that  region.  What  but  the  disturb- 
ing force  of  the  granite  could  have  turned  the  mass  a,  nearly  90 
degrees? 

No  4  etbibits  a  protruding  mass  of  coarse  granite  20  or  30 
rods  long  m  mica  slate.  The  slate  does  not  seem  to  be  disturbed. 
it  has  an  easterly  dip  of  about  80^.  The  sketch  was  taken  in  the 
northwest  part  of  Norwich. 


(4)  Protruding  mass  of  Granite  in  Mica  Slate :  Norwich. 

The  following  sketch  was  taken  near  the  road  from  Noirlit^ich  to 
Chester  village,  a  little  after  we  begin  to  descend  the  high  hill  on 
which  Norwich  stands.  Over  many  acres  in  that  place  the  mica 
slate  and  granite  are  mixed  in  the  greatest  confusion :  but  I  could 
sketch  only  limited  patches^  and  of  course  it  is  scarcely  possible  to 
give  a  correct  view  of  all  the  disturbance  that  has  taken  place. 
The  sketch  below  embraces  a  space  about  8  rods  long  and  3  rods 
wide,     e,  g,  h.  Are  protruding  masses  or  veins  of  granite.      a,  b, 
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Cf  df  Show  the  basset  edges  of  mica  slate.  At  a,  its  strata  ran 
nearly  north  and  south  and  dip  rather  less  than  45^  to  the  west  : 
which  is  the  usual  dip  and  direction  in  the  vicinity.  At  b,  and  c, 
the  strata  are  turned  so  as  to  run  nearly  northeast  and  southwest ; 
but  the  dip  is  increased  only  a  few  degrees.  At  d,  they  are  still 
more  wheeled,  and  the  dip  is  as  high  as  60^  or  70^ 


(5)  Granite  and  Mica  Slate :  Norwich. 

The  next  case  is  at  the  same  place,  and  embraces  a  space  about 
16  rods  long,  a,  a^  &,  n,  n,  m,  m,  Are  veins  of  granite  from  one 
to  two  feet  wide,  and  c,  a  mass  10  feet  wide.  A  lai^e  mass  also 
lies  on  the  side  d^  d.  At  A,  the  mica  slate  is  deflected  only  a  few 
degrees  from  the  usual  course  of  its  strata,  which  is  nearly  north 
and  south.  The  dip  there  is  45^  northwest.  But  in  every  other 
part  of  the  sketch,  it  will  be  seen  that  the  mica  slate  b  turned  al- 
most at  right  angles  to  its  usual  course,  and  towards  the  lower  part 
of  the  sketch  it  exhibits  most  remarkable  curvatures.  The  dip 
also,  is  in  general  greatly  increased  ;  so  that  in  the  vicinity  of  e,  it 
is  80^  north. 
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I  feel  the  inadequacy  of  such  sketches  to  convey  a  just  idea  of 
the  very  great  confusion  which  this  spot  exhibits.  But  if  any  one 
can  examine  such  places  and  still  maintain  that  granite  was  not 
forced  up  through  the  slate  while  in  a  fused  state,  I  can  only  say 
that  bis  mind  must  view  fiu:ts  in  a  very  different  light  from  my  own. 

The  section  below  was  taken  at  the  same  place  as  the  two  pre- 
ceding sketches.  It  shows  an  irregular  vein  or  mass  of  granite 
protruding  thnnigh  layers  of  mica  slate.  The  eranite  mass  is  only 
two  or  three  feet  wide,  and  the  mica  slate  four  ^t.  It  is  obvious 
that  the  upper  porUon  of  the  slate  has  here  been  forced  upwards  by 
the  granite,  so  as  to  stand  nearly  perpendicular :  the  general  dip 
being  about  46®  west. 


(7)  Granite  Veins  in  Mica  Slate:  Norwich. 

In  the  northwest  part  of  Norwich  I  sketched  No.  8.  .  Two  beds 
or  veins  of  granite  are  here  shown :  the  central  one,  or  that  be- 
tween the  strips  of  mica  slate,  from  6  to  10  feet  wide,  and  the 
outer  one,  which  is  but  partly  exhibited,  4  or  5  rods  wide.  One 
object  I  have  in  view,  is  to  show  the  curvature  of  the  mica  slate, 
where  the  central  mass  of  granite  expands.  But  the  principal 
object  is  to  show  two  sections  across  these  rocks,  four  rods  apart 


I 


I 


9 


6 
B 


Digitized  by  VjOOQ IC 


4e8 


Scientific  Geohgy. 


The  change  id  the  dip  from  80^  west,  to  80^  east,  oo  the  aectioo 
from  A  to  By  is  strikiag ;  and  is  explicable  alooo  on  the  supposi- 
tioQ  of  a  dislurbiog  force  exerted  by  these  huge  masses  of  granite. 
The  section  below  (No,  9)  crosses  from  west  tq  east,  a  ridge 
of  mica  slate  and  granite,  about  four  rods  wide.  The  stratum  a, 
at  its  lower  part,  dips  easterly  about  25^  or  30^;  which  b  the  usual 
dip  of  the  slate  in  the  vicinity  ;  but  the  upper  part  of  this  stratum 
is  thrown  up  nearly  perpendicular ;  resting  against  the  granite. 
This  granite,  &,  is  3  or  4  rods  across  ;  when  we  find  another  stra- 
tum of  the  slate,  c,  having  an  easterly  dip  of  neariy  SO^.  Below 
this  another  mass  of  granite,  d,  appears  ;  but  it  is  soon  hid  by  the 
tfoil.     Locality,  near  the  line  between  Conway  aad  Williamsburg. 


(9)  Qranite  and  Mica  Blate:  Conway. 

No.  10  is  in  the  town  of  Russell,  on  the  road  from  Westfield  to 
Blanibrd.  It  represents  a  perpendicular  ledge  about  90  feet 
souare,  where  mica  slate  and  granite  come  in  contact.  The  layers 
oi  the  slate  are  perpendicular,  and  this  rook  is  chemically  united 
to  the  granite.  It  is  easy  to  conceive  how  the  two  rocks  should 
be  thus  weged  into  each  other,  if  we  admit  that  the  granite  was 
erupted  while  in  a  melted  state :  but  I  am  unable  to  imagine  any 
combination  or  peculiarity  of  circumstances,  by  which  such  a  case 
can  be  expldned  on  the  theory  of  the  aqueous  origin  of  granite. 


(10)  Junction  of  Granite  and  Mica  Slate :  RusseU. 

The  next  case  I  regard  as  one  of  peculiar  interest ;  chiefly, 
however,  on  account  of  its  locality.     It  is  not  in  Massachudfctls  : 
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but  in  Ackwortb,  N.  H.  at  a  remarkable  locality  of  beryls,  rose 
quartz,  aod  crystalized  mica.  As  the  traveller  approaciies  this 
spot,  he  will  observe,  while  yet  several  miles  distant,  a  remarkable 
conical,  half-naked  peak,  chiefly  of  white  granite,  shooting  up 
about  300  feet  above  the  surrounding  country.  This  is  the  bill 
represented  in  the  sketch  below,  as  seen  on  its  northwestern  side ; 
along  which  a  road  passes.  The  prevailing  rock  in  the  vicinity  is 
gneiss ;  but  in  this  elevation  it  is  chiefly  hornblende  slate,  traversed 
by  an  enormous  granite  vein  a,  and  exhibiting  at  least  two  pro- 
truding masses,  6,  and  c,  of  granite.  The  vein  varies  from  one 
half  rod  to  four  rods  in  thickness,  and  the  mass  &,  is  four  or  five 
rods  across :  c,  is  only  10  feet  wide.  The  general  direction  of  the 
laminas  of  the  slate  is  north  and  south,  and  the  dip  from  15  to  20^ 
east :  but  we  have  here  the  most  decisive  marks  of  its  having 
been  irregularly  upheaved  and  disturbed  by  the  protruding  granite. 
Near  the  foot  of  the  hill   the  slate  is  bent  upwards  so  that  the 


(11)  Veins  and  masses  of  Granite  in  Hornblende  Slate:  Ackworth,  N.  H. 

chord  of  the  curve  is  several  rods  long.  But  it  is  a  curious  fact 
that  the  axis  of  the  elevating  force  seems  not  to  have  coincided 
with  the  direction  in  which  the  vein  was  erupted.  For  the  high- 
est point  of  the  curve  of  elevation,  near  the  foot  of  the  bill,  is  to 
the  right  of  the  vein  at  h ;  and  as  we  ascend  the  hill,  we  find  the 
slate  curved  upwards  near  the  vein  more  and  more,  as  is  shown 
in  the  drawing.  Indeed,  the  granite  of  the  vein  seems  to  lie  on 
the  elevated  edges  of  the  slate ;  so  that  the  lower  side  of  the 
vein  dips  southeasterly  ;  and  does  not  cut  the  slate  perpendicu- 
larly. These  facts  would  seem  to  evince,  that  the  vein  made  its 
way  through  the  slate,  not  along  the  line  of  greatest  pressure  but 
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on  the  north  side  of  it ;  probably  because  the  slate  there  yielded 
most  readily.  We  may  suppose  the  melted  granite  below,  to  ha?e 
gradually  elevated  the  slate,  until  at  length  it  burst  its  way  later- 
ally through  that  rock.  Such  cases,  I  believe,  do  sometimes  oc- 
cur in  existing  volcanoes. 

The  masses  of  granite,  b  and  c,  are  probably  other  examples  in 
which  the  same  molten  matter  burst  its  way  laterally  throueh  the 
slate.  And  it  is  an  interesting  fact  in  regard  to  the  mass  o,  that 
in  some  places  it  still  projects  over  the  slate  several  feet,  forming 
in  fact  an  overlying  mass.  Instances  of  this  kind  I  have  rarely  met 
with  in  the  granite  of  New  England.  I  recollect  but  one  case 
precisely  resembling  this ;  and  that  is  in  the  town  of  Carlisle, 
about  two  miles  west  of  the  meeting  house,  near  an  unfrequented 
road ;  where  the  granite  has  spread  over  mica  slate  several  feet 
But  the  sketch  of  that  spot  I  have  unfortunately  lost. 

The  following  sketch,  however,  which  I  took  several  years  ago, 
appears  to  have  a  resemblance  to  those  just  described ;  especially 
to  that  of  the  vein  a,  in  Ackworth,  although  I  did  not  then  ex- 
amine the  case  as  carefully  as  I  should  now.  It  occurs  two  miles 
north  of  Chester  village  in  Chester.  The  granite  mass  is  several 
rods  wide,  and  the  dip  of  the  mica  slate  on  each  side  of  it,  about 
50  degrees  west. 


(12)  Granite  in  Mica  Slate:  Chester. 

In  the  8th  Vol.  of  the  American  Journal  of  Science,  Dr.  Em- 
mons has  described  an  interesting  case  of  overlying  granite  in 
Chester,  with  veins  proceeding  from  H  downwards.  The  mass  is 
5  rods  in  length. 

A  portion  of  the  hornblende  slate  on  No.  11  is  seen  running 
nearly  east  and  west,  or  at  right  angles  to  the  usual  direction. 
Below  the  granite  mass  &,  also,  the  strata  are  shifted  almost  90^. 

It  is  near  the  apex  of  this  hill,  that  the  interesting  minerals 
above  mentioned  occur,  and  on  the  side  of  the  cone  opposite  to 
that  represented.  The  granite  here  is  the  coarsest  I  have  ever 
seen  :  and  probably  the  largest  berryls  in  the  world  are  found  in  it. 

No.  13  exhibits  the  manner  in  which  mica  slate  is  sometimes 
enveloped  by  granite ;  the  latter  rock  decidedly  predominating. 
The  spot  here  represented  is  several  rods  long,  and  occurs  in 
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Ch  esterfield)  a  little  north  of  the  meeting  house.  The  dip  and 
direction  of  the  mica  slate  do  not  differ  much  from  what  is  usual 
in  the  vicinity. 


JlliiriiinM 
(13)  Granite  and  Mica  Slate:  Chesterfield. 

The  following  .case,  No.  14,  occurs  about  half  a  mile  east  of 
the  meeting  house  in  Williamsburgh.  A  granite  vein  about  four 
feet  wide,  runs  here  in  the  direction  of  the  strata  of  mica  slate. 
The  dark  stratum,  a  a,  is  hornblende  slate,  or  perhaps  amphibolic 
mica  slate :  and  it  appears  to  have  been  cut  off  and  separated  lat- 
erally a  few  feet.  The  upper  mass  of  hornblende  and  mica  slate 
is  insulated  in  the  granite,  the  narrowest  vein  of  granite,  however, 
being  only  three  inches  wide. 


(14)  Oranite  Vein  in  Mica  and  Hornblende  Slate :  Williamsburgh. 

No.  15  represents  two  irregular  masses  of  granite  connected  by 
a  vein^  or  rather  by  two  tubercular  masses  of  the  same  rock.  They 
occur  in  hornblende  slate,  two  miles  northeast  of  West  Granville 
meeting  house,  on  the  road  to  Blanford.  The  strata  of  this  slate 
usually  stand  perpendicular.  Where  thus  penetrated  by  granite, 
however,  the  dip  varies  from  70^  to  90^  west ;  and  its  layers  are 
exceedingly  contorted.  Their  usual  direction,  also,  is  very  much 
altered  in  some  parts  of  the  sketch.  The  sketch  embraces  a  space 
of  several  square  rods. 
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(15)  Granite- in  Hornblende  Slate:  Granville. 

No.  16  exhibits  a  mass  of  granite  three  rods  wide,  with  mica 
slate  on  each  side,  and  embracing  strips  of  mica  slate  from  one 
half  inch  to  six  or  eight  inches  wide.  The  direction  of  the  lay- 
ers in  these  insulated  strips  corresponds  with  that  of  the  mica 
slate  generally  in  the  vicinity  :  viz.  a  north  and  south  direction. 
This  case  occurs  in  Chesterfield,  one  mile  east  of  the  meeting 
house,  on  the  road  to  Northampton.  It  is  easy  to  explain  it  on 
the  supposition  that  the  granite  was  erupted  from  beneath  in  a 
melted  state :  but  I  find  it  hard  to  conceive  how  such  effects  could 
have  resulted  from  aqueous  agency. 


(16)  Mica  Slate  in  Granite :  Chesterfield. 

The  sketch  following  represents  a  nearly  perpendicular  ledge  of 
gnebs,  from  70  to  100  feet  high,  in  the  lower  part  of  which  a 
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mass  of  granite  appears,  which  does  not  rise  through  the  strata. 
The  gneiss  has  a  small  dip  to  the  west,  though  somewhat  irregular. 
The  vein  of  granite  is  from  10  to  12  feet  thick,  and  rises  thirty 
feet.  The  locality  b  on  the  north  side  of  Housatonic  river,  near 
Southbury,  Ct.,  close  by  what  is  called  Zoar  Bridge. 


(17)  Granite  Vein  in  Gneiss :  Zoar  Bridge,  Ct 
Nos.  18,  19  and  20  are  representations  of  insulated  masses  of 
mica  slate  and  gneiss  in  large  veins  of  granite.  The  vein  in  No. 
18,  whieh  is  in  the  north  part  of  Sbutesbury,  is  ten  feet  wide,  and 
the  insulated  mass  of  gneiss  is  almost  three  feet  across  in  its  long- 
est direction.  In  No.  19,  which  is  in  Conway,  the  vein  is  fifteen 
inches  wide,  and  the  mass  of  mica  slate  (which  is  the  rock  trav* 
ersed  by  the  vein,)  is  thirty  inches  long.  In  No.  20,  the  imbedded 
mass  of  mica  slate  is  eight  feet  wide  and  ten  feet  high ;  the  layers 
standing  perpendicular,  and  coinciding  with  those  of  the  mica  slate 
generally  in  that  place.  In  all  the  cases  described,  it  seems  im- 
possible to  doubt  but  the  schistose  rock  is  perfectly  insulated  in  the 
granite ;  and  if  so,  does  it  not  point  to  an  igneous  origin  for  the 
granite  ? 


(19)  Mica  Slate  in  Granite  : 
Conway. 


(18)  Mass  of  Gneiss  in  Granite :  Shutesbory. 
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(90)  Mica  Slate  in  Granite :  Chester. 

No.  21  differs  but  little  from  the  preceding  cases.  Two  granite 
masses  appear  to  be  connected  hj  two  veins :  the  widest  of  which 
is  two  feet,  and  the  other  only  six  inches  thick.  Thus  a  piece  of 
mica  slate  is  insulated,  and  both  this  and  the  granite  are  cut  by  a 
more  recent  vein  of  granite,  fifteen  inches  wide.  This  case 
occurs  three  miles  northeast  of  the  meeting  house  in  Williams- 
burgh.  But  I  have  not  personally  examined  it,  and  am  indebted 
to  Mr.  Alanson  Nash  for  the  sketch. 


1- , 


(31)  Granite  and  Mica  Slate :  Wiliiamsbnrgh. 

Veins  of  granite  traversing  granite  are  more  frequent  in  Massa- 
chusetts than  in  any  other  rock.  Generally  the  veins  are  com- 
posed of  much  coarser  materials  than  the  rock  that  contains  them  : 
and  by  this  mark  alone  can  they  be  distinguished,  except  that  some- 
times the  color  of  the  materials  of  the  vein  and  that  of  the  con- 
taining rock,  are  different.  The  following  case  occurs  in  the  west 
part  of  Whately,  and  exhibits  ^  mass  of  granite  of  fine  texture, 
about  fifteen  feet  long  and  ten  feet  wide,  with  mica  slate  on  one 
side.  The  dark  part  of  the  drawing  represents  this  granite,  and 
the  white  strips  crossing  it  are  veins  of  coarse  granite.  Must  we 
not  suppose  such  veins  produced  by  the  injection  of  granitic  mate- 
rials through  a  mass  of  granite  while  yet  in  a  plastic  ^tate  ? 
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(33)  Granite  Veins  in  Granite :  Whatley. 

In  No.  23  a  coarse  vein,  made  up  almost  entirely  of  feldspar^ 
20  inches  wide,  traverses  a  rather  coarse  granite.  This  vein  has 
been  cut  off  by  a  fissure  crossing  it  nearly  at  right  angles,  and  the 
two  parts  are  separated  seven  feet.  This  lateral  movement  must 
have  taken  place  after  the  consolidation  of  the  rock.  The  case 
occurs  in  the  extreme  southeast  part  of  Newport,  R.  Island. 


(34)  Granite  Veins  in  Granite :  Gay  Head. 


(33)  Granite  Vein  in  Granite :  Newport,  R.  I. 

No.  24  represents  an  enormous  bowlder  of  granite,  from  30  to 
30  feet  diameter,  lying  at  the  foot  of  the  clay  cliff  at  Gay  Head, 
Martha's  Vineyard,  a,  &,  c.  Are  granite  veins  of  the  same  epoch ; 
as  is  proved  by  their  parallelism.  These  are  alt  cut  off  by  a  vein 
rf,  of  subsequent  date,  crossing  them  nearly  at  right  angles.  Here 
then  we  have  granite  of  three  distinct  epochs. 

No.  25  shows  us  granite  of  four  successive  epochs  of  eruption* 


Digitized  by  VjOOQ IC 


476  Scientific  Otology. 

It  is  the  sketch  of  a  bowlder,  20  feet  long  and  10  feet  thick,  lying 
in  Westhampton.  The  great  mass  of  the  rock  belongs  to  the 
6rst  epoch.  The  vein,  a,  a,  a,  was  produced  at  the  second  epodb. 
This  was  intersected  by  6,  at  a  third  or  subsequent  epoch.  This, 
as  well  as  a,  were  intersected  by  the  vein  c,  (and  probably  at  the 
same  time  by  d,)  at  a  fourth  epoch.  The  lateral  removal  of  the 
middle  portion  of  the  vein  a,  seems  to  have  resulted  from  the  in- 
trusion of  the  veins  6,  and  c,  whereby  the  wedged  shaped  por- 
tion of  the  rock  bt^tween  them  was  crowded  out  of  its  place. 


(25)  Oranite  Veins  in  Granite  :  Westhampton. 

I  have  heretofore  described  and  sketched  a  case  in  which  a 
rock  of  sienite  (sienitic  granite,)  contains  granite  veins  of  three 
successive  epochs.  The  case  now  described  corresponds  to  that, 
except  that  the  base  of  the  one  sketched  above,  is  genuine  gran- 
ite. Both  of  them,  however,  may  be  regarded  as  presenting  us 
with  a  granite  erupted  at  four  successive  epochs  :  and  this  is  the 
greatest  number  that  I  have  ever  met  with. 

The  next  case  is  one  of  no  peculiar  interest,  hardly  worth  pre- 
serving indeed.  The  sketch  shows  a  vein  of  coarse  granite,  10 
inches  wide,  traversing  a  mass  of  finer  granite,  and  cutting  off  and 
removing  laterally  another  vein  of  coarse  granite,  2  1-2  inches 
wide.  It  occurs  in  Southampton,  not  far  from  the  spot  where  an 
adit  has  been  made  in  the  granite  to  reach  a  vein  of  galena. 


(96)  Granite  Veins  in  Granite  :  Southampton. 
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No.  97  shows  a  granite  vein  a  little  more  than  a  foot  in  width, 
crossing  strata  of  gneiss  obliquely.  After  this  vein  was  injected, 
the  strata  of  gneiss  seem  to  have  slidden  down  so  as  to  cut  off  the 
vein  in  at  least  two  places,  and  near  those  spots  the  vein  is  consid'> 
erabljr  reduced  in  size,  as  if  in  a  plastic  state  when  the  disturbance 
took  place  in  the  gneiss. 


(27)  Granite  Vein  in  Gneiss :  Shntesbnry. 

The  6ve  next  cases,  viz.  28, 39,  30,  31,  and  32,  were  sketched 
io  New  Bedford  and  Fairhaven :  all  but  Nos.  29,  and  31  on  Pal- 
mer's Island,  in  New  Bedford  Harbor.  They  all  occur  in  gneiss. 
No.  28  b  interesting  chiefly  on  account  of  the  peculiar  form  of 
the  vein,  which  varies  in  width  from  two  feet  down  to  six  inches. 
It  exhibits  the  vein  as  it  appears  on  the  basset  edges  of  the  gneiss 
where  the  strata  dip  to  the  north  about  35^ 


\ 
(98)  Granite  Vein  in  Gneiss :  Palmer's  Island,  New  Bedford  Harbor. 

The  surface  sketched  in  No.  29  is  nearly  horizontal ;  and  the 
strata  of  gneiss  dip  as  in  the  last  case.  On  one  side  the  direction 
of  the  strata  is  changed,  apparently  through  the  influence  of  the 
vein,  as  much  as  10  or  15^     The  vein  b  15  inches  wide. 

59 
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(89)  Granite  Vein  in  Qneiss :  at  the  fort  in  Fairhaven. 

No.  80  exhibits  also  the  basset  edges  of  the  gneiss  strata  where 
they  dip  35^  northerly.  A  mass  of  granite,  a,  which  is  several 
feet  wide  where  it  first  appears  above  the  soil,  sends  off  a  very 
crooked  vein  of  six  or  eight  inches  wide,  which  connects  with 
another  vein,  b ;  which  last  vein  also  sends  off  a  narrow  branch. 
At  dy  the  edges  of  the  strata  are  curved  considerably,  obviously 
in  consequence  of  the  granite  in  their  vicinity. 


(90)  Granite  Veins  in  Gneiss:  Palmer's  Island,  New  Bedford  Habor. 

In  No.  31  a  vein  of  granite  about  six  inches  pride,  is  intersected 
by  another  a  foot  wide.  The  strata  of  gneiss  on  one  side  of  the 
last  mentioned  vein  have  also  been  moved  laterally  about  four 
inches ;  so  that  the  seams  do  not  correspond  on  opposite  sides. 
I  am  inclined  to  believe  that  it  is  an  error  in  the  sketch,  that  it 
does  not  show  a  similar  slide  in  the  vein  that  has  been  intersected  : 
though  I  have  no  recollection  on  the  subject.  The  basset  edges 
of  the  strata  are  here  represented. 
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(31)  Granite  Veins  in  Gneiss:  Fairhaven. 

No.  32  is  a  nearly  perpendicular  section,  running  nearly  north 
and  south  across  the  strata  of  gneiss,  and  showing  an  irregular 
branching  vein.  The  principal  vein  is  two  feet  wide,  the  branch 
about  one  foot.  It  will  be  seen  that  the  general  dip  of  the  strata 
is  35^ ;  and  that  this  is  increased  to  40^  on  the  lower  side  of  the 
▼ein.  This  is  one  of  those  cases  which  would  be  appealed  to  in 
proof  that  veins  were  filled  from  above.  The  disturbance  of  the 
strata,  however,  proves  that  it  was  not  filled  by  crystalization  froiu 
aqueous  solution.  The  lower  edge  of  the  section  corresponds  to 
high  water  mark.     The  spot  cau  well  be  examined  only  in  a  boat. 


(32)  Granite  Vein  in  Gneiss :  Palmer's  Island,  New  Bedford  Harbor. 

No.  33  was  sketched  from  a  bowlder  of  eneiss  in  the  south  part 
of  Tolland.  It  is  traversed  by  a  vein  of  granite  a  foot  wide. 
The  only  object  is  to  show  the  change  in  the  direction  of  the 
strata  on  dififerent  sides  of  the  vein. 
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(33)  Granite  Vein  in  Gneiss:  Tolland. 

For  No.  34,  taken  in  the  northeast  part  of  Williamsburg,  I  am 
indebted  to  Mr.  Alanson  Nash,  a,  a,  Appears  to  be  the  oldest 
vein  of  granite  in  mica  slate  ;  and  is  only  two  inches  wide  :  6,  &, 
is  a  second  vein ;  as  is  proved  by  its  cutting  through  a,  a,  and  is  of 
the  same  width  as  a,  a, :  d^  dy  is  a  third  vein  ;  as  is  proved  by  its 
intersecting  the  two  first.  It  is  six  inches  wide  :  c,  c,  is  a  fourth 
veby  two  inches  wide,  intersecting  d^  d,  longitudinally,  and  distin- 
gu'ished  from  that  by  being  of  a  much  coai-ser  texture.  This  b  a 
very  unusual  occurrence :  one  which  I  have  myself  never  seen ; 
and  we  have  here  also  granite  of  four  epochs  ;  so  that  this  exam- 
ple, if  there  be  no  mistake  in  its  representation,  is  a  very  interest- 
ing one. 

r 


e 

(34)  Granite  Veins  in  Mica  Slate  :  WilUamsburg. 
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In  No.  35  a  large  protruding  mass  of  granite  rises  from  the  soil 
at  the  north  end  of  a  naked  ledge  of  mica  slate,  which  is  two  rods 
wide^  as  represented  on  the  sketch.  From  this  mass  of  granite 
an  irregular  vein  proceeds  nearly  in  the  direction  of  the  layers  of 
slate^  embracing  two  or  three  nearly  insulated  strips  of  mica  slate. 
I  am  not  aware  that  any  very  instructive  inference  can  be  derived 
from  this  case,  except  that  it  seems  to  me  impossible  to  impute  to 
depositbn  from  water,  a  mass  of  granite  thus  irregularly  intruded 
among  the  mica  slate.     It  occurs  in  the  west  part  of  Whately. 


(35)  Granite  Veins  in  Mica  Slate:  Whately. 

No.  36  is  situated  near  the  same  spot.  It  represents  the  in- 
clined surface  of  a  ledge  of  mica  slate,  through  whioh  a  granite 
vein  of  four  feet  wide  passes.  This  embraces  three  masses  of 
mica  slate  of  considerable  size,  which  are  evidently  separated  en- 
tirely from  the  parent  rock,  except  one  of  them  nearest  the  upper 
side  of  the  sketch.  The  layers  of  the  mica  slate,  in  the  direction 
in  which  the  granite  was  erupted,  are  obviously  considerably  curved, 
as  is  shown  in  the  figure. 


(36)  Granite  Vein  in  Mica  Slate:  Whately. 

No.  37  represents  a  nearly  perpendicular  ledge  of  mica  slate  in 
Conway,  very  much  contorted,  about  two  miles  southwest  of  the 
centre  of  the  town,      a,  a.  Are  strata  of  common  mica  slate : 
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6,  is  a  stratiHD  of  amphibolic  mica  slate.  The  whole  surface  ex- 
hibited is  fifteen  feet  long  and  eight  feet  high.  Through  thb  ledge 
runs  a  vein  of  fine  grained  granite  a  foot  wide.  The  object  of 
giving  the  sketch  is  to  show  that  this  vein  has  produced  no  de- 
rangement of  the  mica  slate :  for  the  different  varieties  of  that 
rock  occupy  the  same  relative  position  on  the  different  sides  of  the 
rein.  Hence  the  vein  was  introduced  subsfequently  to  the  consol- 
idation of  the  slate ;  and  probably  it  was  injected  into  an  open 
fissure.  Hence,  too,  we  must  be  cautious  in  imputing  contortions 
in  mica  slate,  even  in  the  vicinity  of  granite  veins,  to  their  erup- 
tive force. 


(37)  Granite  Vein  in  Mica  Slate :  Conway. 

No.  38  was  sketched  only  100  rods  northeast  of  the  congrega- 
tional meeting  house  in  Conway.  It  represents  two  granite  and 
several  quarts  veins,  in  coai-se  micaceous  limestone,  a,  a,  Ap- 
pears to  have  been  the  oldest  granite  vein,  and  is  a  foot  wide  on 
the  right  hand  side  of  6,  6,  and  twenty  inches  at  the  other  extrem- 
ity. '  This  is  intersected  by  another  granite  vein,  A,  b^  and  the  two 
extremities  are  removed  asunder  forty-two  inches,  c  Is  a  curved 
branch  of  this  vein :  b,  &,  is  from  twelve  to  eighteen  inches  wide. 
if  Sy  «,  s,  Sy  Sy  Sf  Are  quartz  veins,  from  half  an  inch  to  two  inches 
wide,  and  one  of  them  it  will  be  seen,  intersects  both  the  granite 
veins ;  and,  therefore,  these  quartz  veins  appear  to  have  been  of 
posterior  origin  to  both  the  granite  veins,  d  and  g,  Are  masses 
of  mica  slate,  with  which  rock  the  micaceous  limestone,  (that 
constitutes  the  dark  part  in  the  sketch,)  is  interlaminated  in  the 
vicinity.  The  direction  of  the  layers  of  slate  in  the  mass  g,  cor- 
responds with  that  of  this  rock  generally  in  the  vicinity  :  but  in 
what  manner  the  mass  dy  should  have  been  thrown  at  right  angles 
to  this  direction,  it  seems  difficult  to  imagine.  It  is  obvious,  how-  . 
ever,  that  these  granite  veins  have  produced  great  disturbance  in 
this  spot. 
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(38)  Granite  Veins  in. Micaceous  Limestone:  Conway. 

In  the  same  town  and  near  the  same  spot,  may  be  seen  the 
original  of  No.  39.  We  have  here  a  vein  of  granite,  40  inches 
wide,  which  sends  oft  two  branches ;  the  first  at  an  angle  of  20^ 
and  the  second  at  an  angle  of  50^.  Both  the  branches  are  18 
inches  wide,  and  the  portion  of  the  vein  which  continues  in  a  di- 
rect course  is  14  inches  wide.  Intersecting  these  veins  of  granite, 
we  find  several  of  quartz,  whose  width  varies  from  one  inch  to 
three  inchef  ;  and  whose  direction  corresponds  with  that  of  the 
continuous  layers  of  mica  slate.  The  probability  is  that  these, 
like  most  other  quartz  veins,  were  the  result  of  the  infiltration  of 
siliceous  matter  into  fissures  previously  produced  by  desiccation  or 
mechanical  force. 


(99)  Granite  and  GUiartz  Veins  in  Mica  Slate :  Conway. 

No.  40  is  in  the  same  town,     a,  a  Is  a  granite  vein  approxi- 
mating in  direction  to  the  layers  of  mica  slate ;  the  two  parts  of 
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which  are  separated  by  mica  slate  several  feet,  and  one  extrem* 
ity  is  not  as  wide  as  the  other.  The  two  parts  are  also  shiAed  lat- 
erally by  the  two  fissures,  b,  b.  I  confess  myself  unable  to  give 
any  satisfactory  solution  of  the  anomalies  of  this  case. 

I    i 


(40)  Granite  Vein  in  Mica^Slate:  Conway. 

No.  41  was  sketched  from  a  bowlder  in  Conway,  merely  on  ac* 
count  of  the  peculiar  form  of  the  granite  vein  which  traverses 
mica  slate.  The  widest  part  of  the  vein  is  only  an  inch  across, 
and  this  is  reduced  to  half  an  inch  at  the  other  extremity.  I 
neglected  to  sketch  the  direction  in  which  the  layers  of  slate  run. 


(41)  Granite  Vein  in  Mica  Slate :  Conway. 

No.  42  appears  to  be  an  example  of  the  mechanical  effects 
upon  the  layers  of  mica  slate,  of  a  protruding  vein  of  granite.  It 
occurs  at  Narrymore's  quarry  in  the  west  part  of  Goshen ;  where 
the  layers  of  mica  slate  are  arranged  with  remarkable  regularity. 
The  dip  there  is  about  40^  northerly :  but  where  a  granite  vein  of 
four  feet  wide,  (&,^  protrudes  in  a  nearly  perpendicular  direction, 
the  strata  of  the  slate  on  the  lower  side  of  the  vein,  for  the  width 
of  eight  inches,  (a,)  are  bent  so  as  to  stand  perpendicularly  against 
the  vein.  On  the  upper  side  of  the  vein,  and  immediately  in 
contact  with  it,  the  slate  is  hidden  by  soil :  but  it  appears  again  a 
few  feet  distant  at  c.  This  example  was  brought  to  light  by  the 
quarrymen,  and  as  it  was  sketched  several  yeai-s  ago,  ere  this  they 
may  have  destroyed  all  traces  of  it. 
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(42)  Granite  Vein  in  Mica  Slate:  Gk»hen. 

No.  43  represents  a  vein  of  granite^  only  one  eighth  of  an  inch 
tEicky  traversing  mica  slate  in  Conway,  one  mile  southwest  of  the 
congregational  meeting  house.  Strictly  speaking  it  is  a  bed  ;  for 
it  is  interlaminated  with  the  slate  and  conforms  to  its  tortuosities. 
It  is  not  perhaps  easy  to  conceive  how  such  a  vein  could  have 
been  intruded  between  the  layers  of  the  slate,  on  account  of  its 
extreme  thinness.  Perhaps  it  ought  rather  to  be  regarded  as  one 
of  the  layers  of  the  slate,  produced  in  the  same  manner  as  the 
laminae  of  gneiss. 


(43)  Qranite  Vein  in  Mica  Slate:  Conway. 

No.  44  was  sketched  near  the  'same  spot.  It  represents  the 
edge  of  a  thick  stratum  of  mica  slate,  wliose  dip  is  50^  east :  and 
whose  laminae  correspond  in  the  dip  to  the  strata  seams.  Among 
these  laminae  and  running  in  nearly  the  same  direction,  are  three 
narrow  and  quite  irregular  granite  veins,  a  Seems  to  have  been 
injected  from  below,  and  has  no  apparent  connection  with  &,  which 
would  seem  to  have  flowed  in  from  above,  c  Is  a  third  very  nar- 
row vein  only  one  fourth  of  an  inch  wide,  which  has  no  connection 
with  the  others. 

I  have  sketched  this  case,  because  it  seems  more  favorable  than 
any  I  have  met  with,  to  the  old  Wemerian  notion  of  the  filling 
up  of  veins  by  infiltration  from  water.  Yet  there  is  nothing  in  the 
case  inconsistent  with  the  igneous  origin  of  the  granite ;  for  if  that 
rock  was  originally  in  a  molten  state,  it  would  flow  horizontally 
and  downwards  through  any  openings  that  were  made  for  it :  and 
we  have  only  to  suppose  that  b  and  c  have  an  unseen  connection 
with  a  mass  of  granite  that  has  been  forced  upward.  And  that 
such  a  mass  exists  in  the  vicinity,  the  vein  a,  having  no  opening 
above,  shows  to  be  probable.  Such  masses  also  appear  at  the 
surface  in  the  vicinity. 

60 
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(44)  Granite  Veins  in  Mica  Slate :  Conway. 

No.  45  occurs  in  Goshen,  not  more  than  a  mile  or  two  from  No. 
42 ;  and  it  is  analogous  to  No.  42.  It  may  be  seen  two  miles 
west  of  the  village,  on  the  old  road  to  Cummington,  on  the  mar* 
gin  of  a  pond.  It  represents  a  ledge  of  mica  slate  a  few  feet  bigb, 
whose  strata  dip  from  the  observer,  and  whose  basset  edges  only 
appear.  On  coming  within  30  inches  of  the  mass  of  granite  b, 
the  laminae  of  slate  are  bent  upwards  20° ;  and  on  the  other  side 
of  the  granite,  c,  they  actually  stand  perpendicular  or  even  lean  a 
few  degress  from  the  granite.  The  width  of  the  protruding  mass 
of  granite,  which  is  partly  hid  by  the  soil,  is  from  three  to  four 
feet.  It  is  common  to  see  mica  slate  and  other  stratiGed  rocks 
as  much  disturbed  in  the  vicinity  of  granite  as  this  case  exhibits  : 
but  it  is  not  common  to  meet  with  the  disturbance  on  so  small  a 
scale. 


(45)  Granite  Vein  in  Mica  Slate :  Goshen. 

The  mica  slate  in  the  northwest  part  of  Norwich  is  frequently 
very  regular  in  its  stratification,  dipping  west  80° ;  and  this  is  the 
case  where  No.  46  was  sketched.  A  granite  vein  four  inches  wide 
crosses  the  strata  nearly  at  right  angles,  and  the  edges  of  the  mica 
slate  show  that  the  layers  on  opposite  sides  of  the  vein  have  been 
moved  a  few  inches  laterally.  The  distinctness  of  the  stratifica- 
tion enables  us  to  see  this  change  more  easily  than  is- common. 
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(46)  Granite  Vein  in  Mica  Slate:  Norwich. 

Nos.  47  an(^  48  represent  granite  veins  in  micaceous  limestone 
jD  the  west  part  of  Colrain.  They  are  bowlders  of  about  two 
feet  in  diameter,  and  the  veins  only  an  inch  or  two  wide.  The 
extremely  serpentine  course  pf  these  veins  is  the  most  remarkable 


(47)  Granite  Veins  in  Micaceous  Limestone :  Colrain. 


(48)  Granite  Vein  in  Micaceous  Limestone:  Colrain. 
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circumstance  about  them.  For  I  could  not  discover  any  cause 
that  makes  tbem  thus  serpentize.  The  limestone  appears  per- 
fectly homogeneous  throughout,  and  is  entirely  destitute  of  any 
appearance  of  a  laminar,  slaty,  or  stratified  structure  ;  I  mean  so 
far  as  these  specimens  are  concerned. 

I  shall  not  in  this  place  deduce  any  general  theoretical  inferences 
from  the  facts  respecting  granite  veins  that  have  now  been  detailed. 
In  the  sequel,  however,  I  may  refer  to  them  again,  so  far  as  they 
have  a  bearing  upon  theory. 

Mineral  Contents. 

In  every  part  of  the  world  granite  is  the  repository  of  very  many 
of  the  most  perfectly  crystalized  minerab :  an  evidence  that  its 
materials  must  once  have  been  most  thoroughly  fluid,  either  by 
water  or  heat.  The  number  of  mineral  species  in  the  granite  of 
Massachusetts  is  not  quite  as  numerous  as  in  one  or  two  other  rocks  : 
yet  it  contains  several  of  the  most  interesting  minerals  in  the  State. 

Sulphate  of  baryta  is  extremely  abundant  in  it ;  though  the 
most  prolific  locality, — that  in  Hatfield, — occurs  in  sienite,  and  has 
been  described.  A  considerable  part  of  the  matrix  of  galena,  blende, 
and  copper  pyrites,  at  the  Southampton  mine,  consists  of  this 
mineral.  The  most  southerly  vein  of  lead  ore  in  Leverett,  also, 
abounds  in  it,  as  the  gangue  of  the  galena.  And  both  the  metallic 
veins  in  that  place  are  in  granite.  The  baryta  occurs  generally  in 
foliated  masses:  sometimes  in  tabular  crystals.  The  folia  are 
sometimes  curved  ;  and  sometimes,  as  in  Leverett,  the  specimens 
are  coarsely  granular.     The  color  is  uniformly  white. 

Carbonate  of  lime  is  rare  in  granite :  but  in  the  vein  of  metallic 
ores  above  spoken  of  at  Southamption,  we  find  it  in  distinct  crys- 
tals ;  sometimes  of  a  delicate  straw  color.  I  have  observed  there 
a  dodecaedeon  composed  of  two  six  sided  pyramids :  a  short  six 
sided  prism  acuminated  by  three  faces  :  also  the  same  with  all  the 
solid  angles  of  the  prism  truncated,  producing  a  trapezoedron. 
This  mineral  more  frequently  is  laminated. 

The  situation  of  the  argentine  in  Westhampton,  partly  in  the 
mica  slate  and  partly  in  the  granite,  renders  it  proper  to  speak  of 
it  as  belonging  to  either  rock  :  but  under  micaceous  limestone  I 
have  given  a  full  description  of  its  geological  position|;  and  its  min- 
eralogical  characters  correspond  so  well  with  those  that  are  given  in 
the  books,  that  nothing  more  need  be  added.  The  locality  cannot 
for  a  considerable  time,  if  ever,  be  exhausted  ;  unless  it  should  be 
visited  by  some  of  those  insatiable  collectors,  who  carry  away  spec- 
imens by  the  ton.  (Nos.  1490,  1491.) 

This  same  mineral  has  been  found  at  the  Southampton  lead  mine. 

At  the  most  northerly  vein  of  galena  and  pyritous  copper  in 
Lieverett,  I  have  found  a  few  specimens  of  crystalized  brown  spar. 
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Id  Bitterica  and  Stow,  phosphate  of  lime  has  been  found  hj 
Professor  Webster  in  very  coarse  granite :  also  by  Dr.  C.  T. 
Jackson,  in  the  same  rock  in  Lancaster,  in  connection  with  spod- 
umene. 

At  the  Southampton  lead  mine,  green  and  purple  fluate  of  lime 
has  been  found,  but  not  in  large  quantities :  though  should  this 
mine  ever  be  wrought  extensively,  there  can  be  little  doubt  that 
abundance  of  it  will  be  brought  to  light. 

At  the  same  place  we  meet  with  crystalized  limpid  quartz  in 
great  abundance.  Sometimes  the  crystals  are  penetrated  through- 
out by  a  yellow  coloring  matter,  so  as  to  form  genuine  yellow 
quartz.  Radiated  quartz  forms  the  greater  part  of  the  gangue  of 
the  lead  and  copper  ores,  in  the  several  veins  of  these  metals  that 
have  been  described  as  existing  in  Hampshire  county,  in  the  first 
part  of  this  Report.  Ip  Chester,  the  quartz  in  this  rock  is  some- 
times rose  red.  In  Goshen  its  crystals  are  sometimes  of  an  ex- 
tremely delicate  smoke  color ;  and  in  Williamsburgh,  this  variety 
occurs  uncrystalized  in  large  quantity,  about  two  miles  west  of  the 
meeting  house.  In  Bristol,  Rhode  Island,  occur  fine  specimens 
of  amethyst ;  which  are  said  to  proceed  from  the  granite  of  Mount 
Hope.  This  locality  a  few  years  since  promised  something  for 
the  lapidary. 

At  the  Southampton  lead  mine  pseudomorphous  quartz  is  some- 
times met  with.  But  the  most  interesting  locality  is  in  the  galena 
vein  near  the  ai^entine  locality,  in  Westhampton.  The  pseudo- 
morphous crystals  are  very  perfect,  and  have  the  form  of  hog 
tooth  spar,  and  of  cubic  fluate  of  lime.  These  crystals  are  hol- 
low, and  generally  very  drusy  without  and  within.  It  is  now, 
however,  very  difficult  to  obtain  specimens,  especially  of  the  va- 
riety that  has  assumed  the  form  of  fluor  spar.  (Nos.  1501,  1502. 

In  Conway  I  observed  that  some  of  the  quartz  in  coarse  gran- 
ite was  highly  fetid.     The  same  is  found  is  Chester. 

A  mineral  is  sometimes  seen  at  the  Southampton  lead  mine, 
which  appears  to  be  homstone.  (No.  1502.) 

Finite,  according  to  Dr.  C.  T.  Jackson,  has  been  found  in  gran- 
ite on  George  Hill  in  Lancaster,  and  of  fine  quality. 

In  the  20th  Vol.  of  the  American  Journal  of  Science,  I  have 
described  a  specimen  of  limpid  topaz  in  granite,  found  upon  the 
White  Hills  in  New  Hampshire.  In  Haddam,  Ct.,  it  is  well 
known,  occurs  the  chrysoberyl  in  the  same  rock. 

Spodumene  abounds  in  our  granite.  Goshen  is  its  most  abundant 
locality.  About  two  miles  north  of  the  village,  it  occurs  on  the 
road  to  Ashfield ;  and  also  about  three  miles  northeast  of  the 
centre  of  the  town,  on  the  road  to  Plainfield,  at  a  locality  long 
celebrated  for  furnishing  several  interesting  minerals.  It  is  found 
likewise  in  Chesterfield,  Norwich,  and  Chester.      In  all  these 
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places  its  characters  are  similar.  It  occurs  in  prismatic  masses 
whose  crystalline  form  cannot  be  determined.  These  masses  are 
sometimes  four  or  five  inches  acfx»s,  and  sometimes  of  great  length. 
Dr.  Dwight  of  Cummington  showed  me  a  specimen  fit>m  Ches- 
terfield,  containing  a  prism  21  inches  long,  yet  broken  off  at  both 
ends.  These  larger  masses  are  commonly  of  a  white  or  gray 
color,  and  resemble  feldspar.  Bui  the  smaller  specimens  are  fre- 
quently of  a  delicate  green  color,  resembling  very  much  the  spod- 
umene  from  the  north  part  of  Europe.  A  few  specimens  I  have 
noticed  of  a  light  rose  color.  (Nos.  1504  to  1507.) 

This  mineral  occurs  also  in  Steriing,  in  a  granite  rock.  This 
spodumene  has  more  of  a  pearly  aspect  than  that  in  the  western 

fiart  of  the  State ;  as  the  specimens  in  the  collection  will  show, 
t  is  also  of  a  more  milky  white  color.  (No.  1508.) 

Dr.  Emmons  is  of  opinion  that '  the  large  cleavable  variety'  of 
lepidolite  occurs  in  Goshen.  Probably  he  refers  to  the  mineral 
that  has  been  generally  regarded  as  rose  mica. 

The  varieties  of  mica  in  our  granite  are  numerous  and  interest- 
ing. The  rose  red,  just  referred  to,  has  been  found  only  I  believe 
in  the  northwest  part  of  Goshen,  where  it  sometimes  occurs  in 
oblique  rhombic  prisms ;  which  is  its  primary  form.  In  the  same 
place,  also,  and  likewise  in  the  northwest  part  of  Chesterfield,  at 
the  tourmaline  locality,  a  delicate  yellow  mica  of  various  shades 
is  found  under  the  same  form ;  and  still  more  frequently,  a  trans* 
parent  or  silver  colored  variety.  But  the  most  remarkable  local- 
ity of  crystalized  mica  is  in  Ackworth,  N.  H. ;  where  are  found 
finer  specimens,  associated  with  beryls  and  rose  quartz,  than  at 
any  other  spot  in  this  country.  The  crystals  are  distinct  six  sided 
tables,  disseminated  through  gray  quartz,  and  attached  to  fine 
grained  feldspar.  They  vary  in  size  from  half  an  inch  in  diame- 
ter to  an  inch  and  a  half.  I  have  some  reason  to  fear,  however, 
that  thb  locality  may  not  prove  very  prolific. 

Prismatic  mica  is  found  in  Goshen,  Chesterfield,  Norwich,  and 
Leverett.  But  the  specimens  which  I  have  found  in  Russell  are 
the  best.  (Nos.  1513  to  1514.)  The  general  color  of  the  prisms 
is  light  smoke  gray ;  but  we  sometimes  see  in  them  distinct  strips, 
penetrating  deep  into  the  specimen,  of  a  very  dark  bronze  color ; 
appearing  black,  indeed,  except  in  very  thin  plates. 

Plumose  mica  (Mica  Jibreux,  Beudant,)  is  quite  common  in 
Williamsburg,  in  several  places  west  and  northwest  of  the  village. 
The  name  is  derived  from  the  resemblance  between  the  arrange- 
ment of  its  lamellae  and  those  of  a  feather ;  which  indeed  is  often 
quite  striking. 

The  granite  of  Massachusetts  contains  almost  eveiy  variety  of 
the  schorl  family  that  has  been  found  on  the  globe.  Common 
black  schorl  is  most  abundant.      In  Chesterfield  and  Goshen  its 
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crystab  are  sometimes  lai^e,  but  generally  quite  imperfect  In 
Norwich  its  crjrstals  are  terminated  by  pyramids.  In  Westford, 
also,  I  met  with  it  in  small  very  short  acuminated  crystals.  (No. 
1547.) 

Of  the  tourmalines  we  have  every  variety,  except  perhaps  the 
yellow  and  the  wlaite.  Indicolite  occurs  at  the  greatest  number  of 
localities.  In  Chester  it  is  found  in  large  crystals ;  also  in  connec- 
tion with  the  the  green  and  red  varieties  in  the  northwest  part  of 
Goshen,  associated  with  several  other  minerals. 

The  most  noted  locality  of  green  and  red  tourmalines  is  in 
Chesterfield,  on  land  of  Mr.  Clark.  They  are  contained  in  an 
enormous  vein  of  granite  in  mica  slate,  which  corresponds  nearly 
in  direction  with  the  layers  of  the  slate.  This  granite  b  crossed 
obliquely  by  a  vein,  varying  in  width  from  six  to  eighteen  inches, 
of  smoky  quartz  and  silicious  feldspar :  or  rather,  the  quartz  forms 
the  central  part  of  the  vein,  and  the  feldspar  lies  on  each  side  of 
the  quartz :  the  green,  red  and  blue  tourmalines,  with  schorl  and 
sometimes  beryl,  passing  through  the  feldspar  and  the  auartz. 
Thb  cross  vein  has  been  laid  open  from  twelve  to  twenty  teet  by 
blasting ;  and  it  is  really,  in  the  eye  of  a  mineralogist,  a  splendid 
object.  I  do  not  see  that  there  is  any  prospect  that  it  will  soon  be 
exhausted  ;  although  I  doubt  whether  as  fine  specimens  are  now 
obtained  from  it  as  formerly. 

The  crystals  of  green  tourmalite  and  rubellite  at  this  locality 
occur  in  rounded  prisms,  deeply  striated  longitudinally.  They 
have  been  found  an  inch  in  diameter,  but  generally  they  are  much 
less,  and  the  red  are  rarely  more  than  one  quarter  of  an  inch : 
sometimes  they  exhibit  triedral  summits.  It  b  very  common  for 
the  rubellite  to  be  enclosed  in  the  green  crystals,  and  sometimes  a 
thin  layer  of  talc  intervenes  between  the  inner  and  the  outer  crys- 
tals. Col.  Gibbs  found  three  of  the  red  crystab  in  one  instance 
aggregated  together,  and  enclosed  by  one  of  green.  The  green 
crystals  also  sometimes  embrace  indicolite,  and  sometimes  indico- 
lite encloses  the  green  tourmaline,  as  may  be  seen  by  the  speci- 
mens Nos.  1521,  1522  and  1524.  The  green  tourmalines,  as  well 
as  the  rubellite,  are  sometimes  entirely  distinct  from  each  other; 
especially  when  they  are  contained  in  the  quartz.  In  some  in- 
stances I  have  met  with  marks  of  rather  singular  dbturbances 
which  took  place  while  the  green  tourmaline  was  crystalizing  in 
the  quartz.  The  quartz  b  fissured  into  somewhat  parallel  lamine, 
and  together  with  portions  of  the  crystal  has  been  subjected  to  a 
sort  of  echelian  movement,  while  in  some  places  it  has  been  so 
compressed  as  almost  to  disappear.  This  last  circumstance  seems 
to  bdicate  that  the  dbturbance  took  place  before  the  crystaliza- 
tion  was  completed.  The  following  sketch  b  intended  to  repre- 
sent this  phenomenon. 
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Crystal  of  Oreen  Tounnaline  in  Gtuartz :  Chesterfield. 

The  colors  of  tbe  tounnalioes  ia  Cheslerfield  are  pretty  uni- 
form :  but  in  Goshen  they  irary  exceedingly.  The  mbellite  b 
rarely  met  with  there ;  but  the  indicolite  is  abundant ;  and  this 
passes  by  numerous  gradations  into  green  tourmalines.  Of  some 
specimens,  indeed,  it  is  difficult  to  say  whether  they  should  be  re- 
garded as  blue  or  green.  There  also  we  meet  with  a  yellowish 
green  tourmaline,  (No.  1520,)  which  is  associated  with  spodu- 
mene.  Sometimes  also  I  have  seen  this  mineral  nearly  brown  and 
even  approaching  to  white.  At  Chesterfield  the  green  variety  is 
opaque  :  but  some  of  its  crystak  at  Goshen,  penetrating  mica,  are 
translucent. 

All  the  common  varieties  of  feldspar  are  of  course  abundant  in 
our  granite.  Its  ordinary  color  is  white.  But  in  Leverett  it  is 
blue  ;  and  often  the  folia  are  six  or  eight  inches  across.  In  Cro- 
shen  I  have  met  with  it  slightly  green.  The  siliceous  feldspar,  or 
Cleavelandite,  is  found  as  already  noticed,  at  Chesterfield,  where 
it  is  commonly  foliated,  but  sometimes  coarsely  granular.  At  Go- 
aben  the  same  varieties  occur:  and  that  which  b  granular  exceed- 
ingly resembles  saccharine  limestone.  In  Norwich  it  is  found  foli- 
ated and  of  a  light  blue  color.  At  the  other  localities  it  is  always 
white.  Mr.  Aiidrews,  preceptor  of  New  Salem  Academy,  finds 
it  in  foliated  masses  in  that  town  of  that  color.  It  b  found  also 
at  Chester.  (Nos.  1535  to  1539.) 

Beryls  are  frequently  met  with  in  our  granite  :  though  in  gen- 
eral they  are  not  very  delicate.  Perhaps  the  most  so  is  a  limpid 
beryl,  occurring  in  Goshen  along  with  spodumene,  &c.  It  is  rarely 
distinctly  crystali^ed  and  is  full  of  fissures.  Sometimes  it  is  of  a 
light  rose  color.  (Nos.  1525  to  1528.)  In  Norwich  and  Chester- 
field beryls  are  sometimes  found  of  a  great  size ; — at  the  latter 
place  a  foot  in  diameter ;  but  such  crystals  are  irregular  and  de- 
void of  beauty.     In  Williamsburgh  they  sometimes  occur  smaller, 
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but  more  valuable.  From  Pelbam  I  have  a  specimen  of  greenish 
yellow  beryl,  of  considerable  beauty  :  beryls  are  said  also  to  have 
been  found  in  Wortbington :  and  Dr.  Marshall  showed  me  a  fine 
crystal  1  1*2  inch  diameter,  found  in  the  granite  of  Fitchburg.  In 
Stow,  also,  this  mineral  has  been  found  in  granite. 

It  has  been  stated  that  iolite  is  found  in  the  granite  of  Goshen : 
but  I  have  never  met  with  it.  In  the  granite  of  Haddam,  Ct.  it  has 
lately   been  found  abundant  and  beautiful. 

Garnet  is  less  abundant  in  our  granite  than  in  several  of  the  older 
stratified  rocks.  Generally  where  it  does  occur,  it  is  in  quite  small 
crystals  ;  but  it  is  commonly  the  precious  garnet.  In  Bedford  it 
is  said  to  be  found  in  lai^e  and  sometimes  perfect  trapezoidal  crys-* 
tals. 

If  No.  1529  do  not  belong  to  the  zeolite  family  of  minerals,  I 
cannot  tell  where  to  refer  it.  I  mean  the  radiated  mineral  upon 
fine  granite  from  Goshen. 

I  believe  that  all  the  veins  marked  on  the  Geological  Map,  as 
well  as  on  Plate  XVII,  as  lead  veins,  in  Hampshire  county  and 
the  south  part  of  Franklin,  are  either  entirely  contained  in  granite, 
or  pass  from  that  rock  into  mica  slate.  Hence  the  minerals  which 
they  contain  may  properly  be  described  in  this  place. 

The  gangue  of  the  most  southerly  vein  in  Leverett  is  sulphate 
of  baryta  and  quartz.  It  is  only  a  foot  or  two  in  width,  and  is  en« 
tirely  in  granite.  It  contains  galena  only.  The  most  northerly 
vein  in  that  town  is  several  feet  wide,  and  is  mostly  in  mica  slate, 
It  contains  galena  and  pyritous  copper  in  nearly  equal  proportion. 

The  vein  in  Southampton  to  which  I  have  often  referred,  and 
which  has  been  explored  farther  than  any  other  in  the  State,  trav- 
erses granite  and  mica  slate ;  and  the  gangue  m  mostly  quartz  with 
sulphate  of  baryta  occasionally.  Its  extent  and  situation  have, 
however,  been  already  given  in  the  first  part  of  my  Report  with 
sufficient  minuteness.  Galena  is  the  principal  ore.  Blende,  bow-> 
ever,  is  frequent,  as  well  as  pyritous  copper.  Here  also  have 
been  found  the  carbonate,  molybdate,  sulphate,  phosphate,  and 
murio-carbonate  of  lead ;  the  blue  and  green  carbonate  of  copper 
and  vitreous  black  oxide  of  iron.  Here  also  we  find  sulphate  of 
iron  in  small  ootahedra,  truncated  on  all  their  angles.  The  car- 
bonate of  lead  is  found  in  tabular  prisms  with  bevelments :  also 
in  six  sided  prisms  with  four  sided  acuminations  :  also  in  triangu- 
lar dodecaedra  with  their  apices  deeply  truncated.  The  murio- 
carbonate  of  lead  is  in  light  green  groups  of  cubic  crystals  ter- 
minated by  tetraedral  pyramids.  The  sulphate  of  lead  occurs  in 
small  plates  on  the  galena.  The  phosphate  of  lead  exists  in 
spherical  light  green  masses. 

The  vein  in  the  south  part  of  Southampton  is  said  to  have  a 
gangue  of  quartz  containing  galena,  and  to  be  not  more  than  a  foot 
wide.     I  have  not  visited  it, 
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About  a  mile  northeasterly  from  the  adit  in  Southamptoo,  a  vein 
of  quartz,  mostly  radiated,  several  feet  wide,  traverses  mica  slate 
chiefly,  and  contains  blende  and  galena ;  the  former  in  much  the 
greatest  quantity.  The  blende  here,  as  well  at  all  the  veins  in 
the  vicinity,  is  foliated,  rarely  in  distinct  crystals,  and  of  a  honey 
yellow  color. 

The  metallic  vein  in  Westhampton,  near  the  locality  of  argentine,  b 
very  large ,at  least  10  feet  wide  ;  though  I  could  not  ascertain  its  true 
width.  It  is  composed  entirely  of  radiated  and  crystalized  quarts, 
surrounding  small  masses  of  some  other  rock,  probably  mica  slate, 
the  whole  mass  having  a  brecciated  appearance.  Galena,  the  on- 
ly ore  that  has  been  found  here,  is  very  sparingly  disseminated.  I 
could  not  ascertain  whether  this  vein  is  in  granite  or  mica  slate ; 
both  of  which  rocks  occur  in  the  vicinity. 

The  veins  in  Williamsbui^h,  according  to  Mr.  Nash,  occur  in 
granite  and  mica  slate,  and  the  gangue  is  quartz.  Only  one  of 
them,  however,  has  been  discovered  in  the  rock,  their  exbtence 
being  inferred  from  the  loose  blocks  strewed  over  the  surface.  In 
at  least  one  of  these  veins,  the  oxide  of  manganese  occurs,  along 
with  galena.  Pyritous  copper  exists  there  also,  in  small  quantity  : 
and  I  found  foliated  blende.  This  latter  ore  appears  to  have  a  strong 
tendency  to  decomposition,  and  often  the  cavity  that  contained  it, 
is  filled  with  a  dull  red  powder,  whose  true  nature  I  have  not  as- 
certained. But  it  is  certainly  not  the  oxide  of  lead,  as  Mr.  Nash 
has  stated  in  the  1 2th  volume  of  the  American  Journal  of  Science ! 
The  three  veins  in  Whately  have  all  a  gangue  of  quartz,  gen- 
erally radiated.  The  most  easterly  one,  according  to  Mr.  Nash, 
contains  oxide  of  manganese  as  well  as  galena.  The  most  north- 
erly one  is  six  feet  wide  and  lies  chiefly  in  granite.  It  contains 
blende  as  well  as  galena.  The  two  other  veins  described  by  Mr. 
Nash  I  have  tried  in  vain  to  find. 

According  to  the  Messrs.  Danas,  muriate  of  copper  has  been 
found  in  rolled  masses  of  granite  in  Wobum. 

It  is  said,  also,  that  specular  oxide  of  iron  occurs  in  Mendon, 
and  in  Cumberland,  R.  Island,  in  granite. 

In  the  16th  volume  of  the  American  Journal  of  Science,  I  have 
given  a  very  particular  account  of  the  single  crystal  of  the  oxide 
of  tin,  which  I  found  several  years  ago,  at  the  well  known  locality 
of  several  interesting  minerals  in  the  northwest  part  of  Groshen. 
Its  form,  if  I  did  not  mistake  it,  was  an  octahedron  with  a  square 
base :  though  the  measurements  of  several  of  the  angles  did  not 
coincide  with  those  given  in  the  books.  But  as  to  its  being  gen- 
uine oxide  of  tin,  there  can  be  no  doubt :  especially  since  the  dis- 
covery in  Europe  of  this  same  substance  in  a  specimen  sent  firom 
Chesterfield,  Mass.  as  mentioned  in  Mobs  Mineralogy.* 

*  Vol  IL  p.  387.  Edinburgh,  1895. 
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Mr.  Nuttall  suggests  with  a  doubt,  that  the  phosphate  of  man- 
ganese exists  in  Sterling,  in  connection  with  spodumene.  The 
same  mineral,  whatever  it  be,  is  found  in  Goshen  with  the  spodu- 
mene. 

Sulphuret  of  molybdenum  has  been  found  in  granite  in  New 
Bedford  and  Fitcbburg. 

The  only  remaining  mineral  to  be  noticed  in  the  granite  of  Mas- 
sachusetts, is  the  columbite  at  Chesterfield.  It  was  discovered  at 
the  tourmaline  locality  by  Mr.  C.  U.  Shepard,  in  right  rectangu- 
lar prisms  with  several  modifications.  The  same  gentleman  found 
this  rare  mineral  in  two  places  in  Goshen,  imbedded  in  spodu- 
mene. 

Theoretical  Considerations. 

I  have  already  expressed  the  decided  opinion,  that  if  an  igne- 
ous origin  be  assigned  to  the  trap  rocks,  as  is  now  done  almost  uni- 
versally, a  similar  origin  cannot  be  denied  to  granite.  There  is 
not  indeed,  so  great  a  resemblance  in  appearance,  between  granite 
and  recent  lavas,  as  between  these  and  the  trap  rocks :  nor  does 
granite  occur  in  columnar  masses.  But  except  in  these  two  re- 
spects, the  same  arguments  which  prove  the  igneous  origin  of  the 
traps,  equally  apply,  and  sometimes  I  think  with  more  force,  in  proof 
of  the  original  igneous  fluidity  and  protrusion  of  granite.  And  if  I 
mistake  not,  there  are  one  or  two  additional  arguments  in  the  case 
of  granite.  I  shall  now  briefly  present  these  arguments  as  they 
apply  to  the  granite  of  Massachusetts. 

1.  I  infer  the  igneous  origin  of  granite  from  the  inclined  pO' 
sition  of  the  older  stratified  rocks.  The  stratified  and  slaty  struc- 
ture of  these  rocks  is  conclusive  evidence  that  water  was  the  me- 
dium of  their  original  deposition.  But  if  deposited  in  water,  their 
lamime  could  not  at  first  have  varied  much  from  a  horizontal  posi- 
tion :  for  we  know  of  no  examples  in  which  depositions  take  place 
in  water,  where  the  surface  is  inclined  more  than  a  few  degrees, 
except  perhaps  in  those  limited  cases,  where  tufaceous  masses  are 
deposited  from  water  charged  with  lime  or  silex,  flowing  down  in- 
clined planes.  But  the  older  stratified  rocks  are  for  the  most  part 
highly  inclined,  often  vertical  indeed,  as  the  accompanying  Sec- 
tions will  show.  (Plates  XVII  and  XVIII.^  They  must,  therefore, 
have  been  elevated  subsequently  to  their  oeposition.  And  when 
we  find  that  a  lai^e  proportion  of  ipe  organic  remains  in  the  sec- 
ondary rocks  are  of  marine  origin,  can  we  doubt  that  existing  con- 
tinents once  formed  the  bottom  of  the  ocean  7  This  opinion  must 
now  be  regarded  as  an  established  principle  in  geology.  But  by 
what  power  was  this  elevation  accomplbhed  7  That  it  was  vol- 
canic in  the  sense  in  which  that  term  is  now  generally  employed,  I 
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very  much  doubt :  because  it  seems  to  have  acted  along  extended 
lineS)  and  not  from  a  centre  or  centres^  An  hypothesis  as  to  its 
nature,  I  shall  suggest  in  another  place.  But  I  cannot  conceive 
bow  the  stratified  rocks  could  have  been  elevated  as  we  find  them, 
without  admitting  two  conditions.  First,  that  the  solid  crust  of 
the  globe  must  have  been  comparatively  thin,  in  order  to  give 
way  to  any  internal  force  that  we  can  imagine  might  act  upon  it 
Secondly,  that  a  molten  mass  must  have  existed  beneath  this  crust, 
so  that  when  it  was  elevated  in  any  particular  part  and  depressed 
in  others,  the  fluid  nucleus  might  have  readily  conformed  to  the 
sinuosities  of  its  inferior  surface.  Where,  for  instance,  a  long 
mountain  ridge  was  lifted  up,  if  no  such  fused  matter  were  forced 
underneath  it  to  occupy  the  cavity  thus  produced,  it  is  difficult 
to  conceive  how  it  could  be  sustained  through  a  lapse  of  centuries. 
Nay,  it  is  difficult  to  conceive  how  such  an  enormous  weight  could 
have  been  lifted  up  thousands  of  feet,  if  such  a  molten  mass  had 
not  been  pressing  against  it  beneath  with  considerable  force,  and 
thus  lending  assistance  to  any  lateral  agency  that  might  have  been 
in  operation.  Now  if  granite  were  not  this  fused  plastic  mass,  we 
shall  search  in  vain  among  the  rocks  to  find  one  that  could  have 
been  in  such  a  state  :  for  the  trap  rocks  are  not  in  sufficient  quan- 
tity to  answer  the  conditions  of  this  case  ;  and  they  are,  moreover, 
usually  associated  with  the  newer  stratified  rocks.  But  granite 
corresponds  both  in  its  nature  and  position  with  such  a  supposi- 
tion. And  if  we  exclude  the  agency  of  granite,  I  do  not  believe 
we  can  account  for  the  elevation  of  the  strata  which  all  admit  has 
taken  place. 

2.  I  infer  the  igneous  origin  of  granite  from  the  manner  in 
which  it  is  intruded  among  the  stratified  rocks. 

This  argument  is  far  more  striking  in  the  case  of  granite  than 
in  that  of  greenstone.  For  it  is  hardly  possible  to  conceive  of 
any  anomaly  of  position  which  the  former  rock  has  not  assumed 
in  relation  to  the  stratified  ones.  Its  veins  are  of  every  size  and 
shape,  and  they  run  in  all  directions  through  the  superincumbent 
strata ;  and  similar  irregularities  exist  in  its  latter  and  less  ramified 
masses.  True,  they  are  rarely  superincumbent  upon  the  stratified 
rocks ;  and  hence  some  have  inferred  that  they  could  not  have 
been  erupted  like  trap  and  lava,  which  often  spread  over  the  sur<- 
face  to  a  great  extent.  There  is,  however,  one  consideration — to 
waive  all  others — which  it  seems  to  me  obviates  this  difficulty. 
We  have  abundant  evidence  that  the  surface  of  the  earth  has 
suffered  a  powerful  abrasion  in  past  ages ;  and  since  granite  is 
confessedly  older  than  the  traps,  it  must  have  sufifered  most  from 
Ibis  cause.  Now  who  can  tell  but  granite  did  once  exist  in  over- 
lying masses,  and  that  those  have  been  mostly  worn  away,  and 
Ibeir  remains  entombed  in  the  later  rocks  which  so  abound  in  nod- 
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ules  of  granite?  If  existing  causes  operate  long  enough; tbe 
overlying  masses  of  trap,  now  so  common  in  various  places,  must 
be  thus  swept  away^  and  its  veins  and  protruding  masses  alone 
remain. 

This  argument,  however,  cannot  be  felt  in  all  its  force,  without 
connecting  it  with  another  circumstance  which  forms  my  next  ar« 
gument 

3.  I  infer  the  igneous  origin  of  granite  from  the  mechanical 
effects  which  it  €gppears  to  have  exerted  upon  the  stratified  rocks 
in  its  immediate  vicinity. 

To  illustrate  these  effects  is  a  principal  object  which  I  bad  in 
view  io  giving  so  many  sketches  of  veins  and  protruding  masses  of 
granite.  Most  of  these  cases  seem  to  me  totally  inexplicable  on 
any  other  supposition  than  that  of  the  protrusion  of  the  granite 
while  in  a  fluid  or  semi-fluid  state.  But  after  all,  such  sketches 
convey  only  a  very  imperfect  conception  of  the  actual  marks  of 
disturbance,  which  the  stratified  rocks  in  the  vicinity  of  granite 
exhibit.  Their  dip  and  direction  are  changed  in  every  possible 
manner,  and  lai^er  or  smaller  masses  of  the  stratified  rocks  are 
partially  or  entirely  separated  from  the  parent  rock,  and  more  or 
less  enveloped  in  the  granite,  which  is  united  to  them  chemically* 
If  any  candid  man  will  go  into  the  towns  of  Williamsburgh, 
Whately,  Conway,  Chesterfield,  Goshen,  Westhampton,  Norwich, 
Chester,  Granville,  or  many  othera  that  might  be  named,  and 
carefully  examine  the  irregularities  which  the  mica  slate  there 
exhibits,  in  many  places,  where  granite  is  in  the  vicinity,  and  still 
maintain  that  the  granite  was  deposited  from  aqueous  solution,  his 
mind  must  judge  very  differently  from  mine  of  geological  evidence. 
When  I  began  geological  investigations  many  years  ago,  my  pre- 
judices were  in  favor  of  the  Neptunian  theory.  But  an  examiu'^ 
ation  of  such  localities  as  I  have  above  referred  to,  showed  me  at 
once  that  I  must  change  sides,  or  abandon  the  mountains  and 
study  the  subject  only  in  the  cabinet.  In  Massaehusetts  the  me- 
chanical influence  of  granite  upon  the  neighboring  rocks  is  a  hun- 
dred times  more  striking  than  in  the  case  of  greenstone ;  nor  can 
I  conceive  how  any  effects  of  this  kind  could  have  resulted  from 
the  deposition  of  granite  from  aqueous  solution.  But  they  would 
be  tbe  natural  results  of  the  protrusion  of  the  granite  in  a  melted 
state. 

It  ought,  however,  to  be  understood,  that  in  very  many  places, 
where  the  granite  and  the  stratified  rocks  are  in  contact,  no  evi* 
dence  of  the  operation  of  a  disturbing  force,  appears,  except  tbe 
general  evidence  resulting  from  the  inclined  position  of  the  strata. 
I  mean  that  such  cases  of  disturbance  as  I  have  described  and 
sketched,  are  not  common.  I  explain  this  in  consistency  with  the 
igfieous  origin  of  granite,  by  several  considerations.     In  tbe  first 
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place,  it  is  reasonable  to  suppose,  that  originally  many  of  the 
masses  of  granite  that  now  appear  at  the  surface,  were  not  pro- 
truded through  the  slate ;  being  covered  only  by  those  strata  which 
have  been  subsequently  worn  away.  In  such  case,  almost  the  on- 
ly effect  which  we  should  expect  to  find  from  the  forcing  upwards 
of  the  granite,  would  be  the  regular  and  nearly  uniform  elevation 
of  the  strata ;  since,  if  they  were  of  nearly  equal  thickness  and 
strength  throughout,  the  molten  mass  beneath  would  press  almost 
equally  against  their  entire  under  surface.  In  the  second  place, 
such  a  molten  mass  would  soften  and  partially  fuse  the  strata  for 
a  considerable  thickness  above  it ;  and,  therefore,  it  might  send 
veins  through  the  rock  thus  rendered  plastic,  without  leaving  marks 
of  mechanical  pressure  and  disturbance.  In  the  third  place,  such 
molten  matter  would  fill  all  the  fissures  and  cavities  previously 
existing  in  the  stratified  rocks  without  producing  disturbance. 

These  causes,  it  seems  to  me,  to  suggest  no  others,  are  suflicient 
to  show  why  we  do  not  always  find  evidence  of  any  peculiar  dis- 
turbance in  the  strata  in  contact  with  granite.  But  if  these  strata 
were  not  of  equal  strength  or  thickness  throughout,  or  if  one  part 
of  them  was  less  softened  by  heat  than  the  other  parts,  then  we 
should  expect  protrusions  of  granite  to  be  the  result,  with  traces 
of  mechanical  violence ;  and  such  probably  are  the  cases  which  I 
have  sketched.  Thus  the  anomalous  as  well  as  the  usual  modes 
in  which  granite  occurs,  are  explicable  on  this  theory :  whereas 
the  Neptunian,  even  if  he  can  show  how  granite,  as  it  usually  oc» 
curs,  might  have  resulted  from  chemical  solution  in  water,  cannot 
by  the  aqueous  theory,  explain  the  anomalies  that  have  been  de- 
scribed. 

4.  I  infer  the  igneout  origin  of  granite  from  its  chemical  e/^ 
fects  upon  the  surrounding  strata. 

These  effects,  so  far  as  I  have  noticed  them  in  the  region  E 
have  undertaken  to  describe,  have  been  detailed  in  various  parts 
of  this  Report ;  and  therefore  I  need  only  refer  to  them  in  a  sum- 
mary manner. 

The  conversion  of  graywacke  slate  into  flinty  slate,  and  of  cer- 
tain ferruginous  portions  of  it  into  jasper,  as  well  as  the  induration 
of  the  limestone  in  the  vicinity  of  the  granite  in  Newport,  R.  Is- 
land, are  undoubtedly  the  most  striking  effects  of  this  kind  in  the 
region  under  consideration.  I  can  conceive  of  no  other  hypothe- 
sis to  account  for  these  changes  which  is  not  perfectly  absurd. 
Surely  no  one  can  think  of  explaining  such  facts  by  any  probable 
operation  of  an  aqueous  agency.  And  if  an  igneous  agency,  suffi- 
cient to  fuse  the  graywacke  and  the  limestone  be  admitted,  it  must 
have  been  sufficient  also  to  fuse  the  granite. 

The  argument  which  I  have  drawn  from  the  existence  of  ap- 
parently semi-fused  nodules  of  the  schistose  rocks  in  sienite  in  fa- 
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vor  of  the  igneous  origin  of  that  rock,  will  apply  also  to  genuine 
granite  on  two  grounds.  1.  Sienite  is  only  a  variety  of  granite; 
the  two  rocks  being  connected  in  the  same  continuous  mass,  even 
in  the  very  locality  where  the  conglomerated  sienite  occurs.  And 
I  cannot  conceive  bow  one  part  should  have  had  an  igneous  and 
the  others  an  aqueous  origin.  S.  Similar  rounded  nodules  do  oc* 
cur,  though  less  numerously,  in  granite.  (No.  1486.) 

I  have  often  noticed  an  appearance  on  the  surface  of  granite  in 
contact  with  mica  slate,  which  I  have  not  seen  described ;  but 
which  seems  to  have  some  bearing  on  this  question.  The  surface 
of  the  granite  has  a  striated  appearance  ;  as  if,  when  in  a  plastic 
state  it  had  been  crowded  against  the  slate  while  at  the  same  time 
it  was  urged  upwards.  Usually  a  layer  of  quartz  envelopes  the 
granite,  and  this  is  often  of  a  bluish  or  muddy  aspect,  as  if  the 
coloring  matter  of  the  slate  had  penetrated  it.  These  effects, 
partly  chemical  and  partly  mechanical,  are  easily  explicable  on 
the  supposition  that  the  granite  was  protruded  in  a  melted  state 
through  the  slate,  and  therefore  lends  some  support  to  that  theory. 

Along  the  western  border  of  the  Connecticut  valley,  the  lower 
beds  of  new  red  sandstone  in  some  places  have  in  part  lost  their 
red  color,  so  as  to  become  spotted.  In  the  adit,  for  example,  at 
the  Southampton  lead  mine,  the  rock  has  become  gray  throughout 
(No.  167.)  Here  we  know  that  a  large  mass  of  granite  exists 
within  a  few  feet  of  the  sandstone.  Now  I  have  shown  under 
greenstone,  that  just  such  a  change  of  color  results  in  this  same 
rock,  from  a  contact  with  greenstone  :  and  scarcely  no  one  now 
doubts  that  the  heat  of  the  greenstone  was  the  cause.  Why  then 
should  it  be  doubted  in  the  case  of  granite  ? 

5.  I  infer  the  igneous  origin  oj  granite  from  its  crystalline 
structure  f  and  the  numerous  crystaiizations  of  other  substances 
that  have  taken  place  in  it. 

These  same  facts  I  am  aware  have  been  adduced  to  prove  the 
aqueous  origin  of  granite ;  for  since  the  products  of  volcanoes  are 
rarely  crystalline,  and  many  splendid  crystaiizations  have  taken 
place  from  solution  in  water,  it  has  been  thought  most  reasonable 
to  suppose  such  was  the  ori^n  of  granite.  But  when  has  the 
chemist  been  able  from  aqueous  solution  to  obtain  a  solid  crystal- 
line mass  of  three  or  four  distinct  substances  at  the  same  time  ? 
I  believe  never.  They  always  crystalize  in  succession.  And 
the  difficulty  is  increased  when  we  take  into  the  account  the  nu- 
merous simple  minerals  that  are  found  crystalized  and  enveloped 
in  the  granite ;  each  of  the  substances  appearing  as  if  they  strug- 
gled with  one  another  for  a  place  at  the  moment  of  deposition. 

But  on  the  other  hand,  if  the  fused  materials  of  which  glass  is 
composed,  or  melted  basalt,  or  lava,  be  slowly  cooled,  they  will 
separate  into  distinct  compounds,  as  has  been  done  in  the  case  of 
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granite.  If,  however,  tbey  be  cooled  suddenly,  a  uniform  rook, 
or  even  a  glass  will  be  the  result  Does  not  this  fact  lead  to  the 
probable  conclusion,  that  the  degree  of  crystalizatioo  in  any  rock 
depends  upon  the  time  employed  in  its  refrigeration.  Perbaps, 
however,  other  circumstances  are  concerned  in  causing  such  a  dif- 
ference in  structure  as  we  find  between  basalt  and  granite. 

This  fifth  argument  was  not  adduced  to  prove  the  igneous  origin 
of  greenstone,  because  the  crystalline  structure  of  that  rock  is  so 
imperfect  compared  with  that  of  granite.  Some  of  the  other  ar* 
guments  are  much  more  satisfactory  in  the  case  of  granite  than  in 
that  of  greenstone.  And  upon  the  whole,  I  cannot  see  wby  the 
evidence  in  favor  of  the  Vulcanian  production  of  granite  is  not 
fully  as  strong  as  it  is  in  respect  to  any  of  the  trap  rocks.  But 
as  to  the  origin  of  the  latter  there  is  scarcely  any  diversity  of  opin* 
ion.  We  may  then  safely  predict  that  a  like  uniformity  will  soon 
prevail  in  respect  to  granite.  Indeed,  we  are  informed  on  the 
highest  authority,  that  in  Great  Britain  this  uniformity  of  views 
already  exists.  Five  years  ago,  Dr.  Fitton,  President  of  the  Geo* 
logical  Society,  said :  '  In  the  speculative  department  of  (xedogy, 
nothing  has  been  of  late  more  remarkable  with  reference  to  its 
history  in  this  country,  than  the  innivenal  adoption  of  a  modified 
Volcanic  theory,  and  the  complete  subsidence,  or  almost  total 
oblivion,  of  the  Wemerian  and  Neptunian  hypotheses  ; — so  that 
what,  but  a  few  years  since,  was  by  some  considered  as  hardihood 
to  propose  in  the  form  of  conjecture,  seems  now  to  be  establbhed 
nearly  with  the  evidence  of  fact  It  is  no  longer  denied,  that  voU 
canic  power  has  been  active  during  all  the  revolutions  which  the 
surface  of  the  globe  has  undergone,  and  has  probably  been  itself 
the  cause  of  many  of  them ;  and  that  our  continents  have  not 
merely  been  shaken  by  some  mighty  subterraneous  force,  but  that 
Strata,  originally  horizontal,  have  thus  been  raised,  shattered,  and 
contorted,  and  traversed,  perhaps  repeatedly,  by  veins  of  fluid 
matter  ;-*-operations  which  have  produced  phenomena,  so  nearly 
resembling  those  of  volcanic  agency,  that  to  have  so  long  disputed 
the  identity  of  their  cause,  is  one  of  the  most  remarkable  proofs 
in  the  annals  of  philosophic  history,  of  the  power  of  hypothesis  in 
disturbing  or  concealing  truth.'* 

More  recently  Prof.  Conybeare  (than  whom  no  higher  authority 
can  be  quoted  in  geology,^  says  that  Licibenitz  <  attributes  the  pri* 
mary  and  fundamental  rooks  to  the  refrigeration  of  the  crust  of  this 
volcanic  nucleus: — ^an  assumption  which  well  accords  with  the 
now  almost  universally  admitted  igneous  origin  of  the  fundamental 
granite  and  with  the  structure  of  the  primary  slates ;  for  the  insen- 
sible gradation  of  these  formations  appears  to  prove,  that  gneiss 

*  Anuiversary  Address,  Feb.  15th,  16S8. 
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inu9t  have  undergone  in  a  greater,  and  mica  slate  in  a  less  degree, 
the  same  action ;  of  which  the  maximum  intensity  produced  gran- 
ite.* 

Brongniart  and  Beudant  also,  distinguished  professors  of  geology 
in  Paris,  and  until  recently  Wernerians,  in  their  Report  on  a  Me- 
moir of  Elie  de  Beaumont,  presented  to  the  Academy  of  Sciences 
in  1829,  remark  as  follows :  *  The  memoir  of  M.  de  Beaumont 
exhibits  certainly  one  of  the  newest,  boldest,  and  most  ingenious 
theories  which  have  been  proposed  for  a  long  time.  It  seems 
even  to  demolish  those  theories  which  have  the  honorable  preju- 
dice of  an  illustrious  name  (Werner)  on  their  side,  as  well  as  the 
general  opinion,  and  which  have  been  adopted  by  many  of  the 
members  of  this  Academy .f 

Theory  of  Central  Heat. 

The  logical  mind,  that  adopts  these  views  of  the  origin  of  the 
unstrati6ed  rocks,  is  irresistibly  led  to  inquire  into  the  commence- 
ment and  present  state  of  the  internal  heat  which  has  produced 
such  mighty  effects.  As  to  the  condition  of  the  globe  when  this 
powerful  agent  began  to  modify  its  crust,  little  more  than  conjec- 
ture can  guide  our  inquiries.  Astronomical  observations  render  it 
probable  that  the  surface  of  the  moon  is  composed  alniost  entirely 
of  volcanic  matter ;  and  that  that  planet  is  gradually  cooling  and 
passing  into  a  habitable  from  a  state  of  desolation.  Comets  also, 
appear  to  be  in  a  condition  still  more  chaotic  ;  the  matter  of  which 
they  are  composed  being  actually  in  some  instances  expanded  into 
vapor,  in  consequence  of  internal  heat.  The  speculative  geologist 
inquires,  whether  such  might  not  have  been  the  early  condition  of 
our  globe  ;  and  whether  it  has  not  been  gradually  cooling  from  the 
beginning  to  the  present  time;  while  such  animals  have  been  success- 
ively placed  upon  it  as  possessed  natures  adapted  to  its  different  tem- 
peratures. That  its  surface  must  have  been  torn  and  ravaged  by 
the  most  powerful  volcanic  agency  in  early  times,  those  who  ad- 
roit the  igneous  origin  of  the  unstratified  rocks  must  allow :  and 
that  its  temperature  has  been  sinking,  is  rendered  extremely  prob- 
able by  the  almost  universal  occurrence  of  animals  of  a  tropical 
character  in  the  fossiliferous  strata  of  high  latitudes. 

The  surface  of  the  globe  has  probably  nearly  or  quite  reached  its 
maximum  of  refrigeration,  as  several  facts  seem  to  prove.  But 
what  is  the  present  temperature  of  its  internal  parts  ?  A  great 
number  of  observations  made  within  a  few  years  in  different  parts 
of  the  world,  in  mines  and  other  deep  excavations,  have  brought 
to  light  the  interesting  fact,  that  the  temperature  increases  rapidly 

•  Report  on  Geology,  p.  3C7,  (1832.) 
tRapport,  &C.17. 
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as  we  descend  into  ihe  earth :  indicating  even,  that  at  a  depth  less 
than  100  railesi  a  heat  exists  great  enough  to  fuse  all  known  roeks ; 
and  consequently,  that  the  great  mass  of  the  globe  beneath  thb 
envelope)  may  now  be  a  molten  incandescent  mass.  Startling  as 
such  a  conclusion  may  be,  to  one  who  is  not  conversant  with  the 
details  and  reasonings  of  geology,  it  seems  to  receive  con&rmation 
from  the  occasional  ejection  of  just  such  melted  matter  as  the  the- 
ory supposes,  from  more  than  200  volcanoes,  which  seem  to  form 
the  safety  valves  of  the  vast  furnace.  And  then,  still  more  nu- 
merous extinct  volcanoes  testify  to  the  more  powerful  operation 
of  this  agency  in  former  days.  The  facility  too  with  which  such 
a  theory  applies  to  the  explanation  of  a  multitude  of  physical  phe- 
nomena, which  cannot  be  here  detailed,  certainly  strengthens  the 
conviction  of  its  truth. 

It  is  but  a  few  years  since  this  theory  was  formally  developed 
in  the  scientific  world ;  and  although  it  was  viewed  by  many  as  the 
very  extravagance  of  hypothesis,  yet  it  is  interesting  to  see  how 
very  rapidly  it  has  gained  credence.  Nor  can  this  fact  be  explained 
without  admitting  that  it  carries  with  it  strong  marks  of  truth.  The 
state  of  opinion  on  this  subject  among  European  geologists,  may 
be  learnt  from  the  following  paragraph  of  a  recent  able  French 
writer  on  Volcanoes.  Mf ',  says  he,  <  I  have  dwelt  long  on  the 
the  ideas  of  Cordier,  it  is  because  they  are  now  professed  by  the 
most  illustrious  geologists  of  our  age.  They  rest,  moreover,  oo 
facts  so  numerous  and  so  well  established,  that  it  is  impossible  not 
to  regard  them  as  a  faithful  representation  of  what  must  have  hap- 
pened at  the  commencement  of  things,  and  of  what  is  now  taking 
place.  The  hypothesis  of  central  Reat,  and  by  consequence  that 
which  imputes  the  origin  of  volcanic  matters  to  a  fiery  mass  in  the 
interior  of  the  globe,  may  be  placed  in  the  rank  of  truths  the 
most  firmly  established.  In  proportion  as  observations  multiply, 
this  hypothesis  is  confirmed :  the  small  number  of  phenomena  yet 
involved  in  some  obscurity,  will  be  explained  more  easily  than 
those  which  have  been  brought  to  light  before :  and  the  system* 
atic  minds  which  still  resist  the  evidence,  will  soon  find  themselves 
compeUed  to  abandon  their  opinions,  which  have  already  fallen 
into  the  most  profound  discredit.'* 

'  As  to  the  central  heat,'  says  Dr.  MaccullocTi, '  if  there  is  not 
ample  proof  of  this,  I  know  not  that  geology  can  furnish  proof  of 
any  thing,'  fcc.f 

Even  the  chemical  theory  of  volcanic  action,  which  imputed  it 
to  the  oxidation  of  the  metalloids,  and  which  seemed  a  few  years 
ago  to  be  enlisting  able  advocates  in  its  defence,  appears  m  Eu- 

•  Considerations  snr  les  Volcans  Ac.  par  M.  J.  Ginurdin,  Pans,  1831,  p.  153. 
t  System  of  Geology,  Vol.  II,  p.  408. 
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rope  to  be  nearly  abaDdoned.  Even  Sir  Humphrey  Davy,  who 
originally  proposed  it,  subsequently  abandoned  it ;  and  says  that 
*  the  hypothesis  of  the  nucleus  of  the  globe  being  composed  of 
fluid  matter,  ofiers  a  still  more  simple  solution  of  the  phenomena 
of  volcanic  fires  than  that  which  has  been  just  developed.'*  His 
surviving  brother  Sir  John  Davy,  however,  still  defends  the  chem- 
ical theory,  as  does  also  Professor  Danbeny.  And  it  ought  also  to 
be  mentioned,  that  no  longer  ago  than  February  1834,  Mr.  Green- 
ough,  in  his  Anniversary  Address  before  the  London  Geological 
Society,  strenuously  opposes  the  igneous  origin  of  granite,  and  the 
doctrine  of  central  heat. 

Theory  of  the  Sufficiency  of  Ckeuses  now  in  action,  with  no 
increase  of  intensity,  to  account  for  Geological  Phenomena. 

Although  the  theory  of  central  heat  has  been  so  generally 
adopted  as  to  excite  at  present  but  little  discussion,  yet  a  theory 
has  recently  been  fully  and  ably  developed  by  a  distinguished  ge- 
ologist,! relating  to  the  dynamics  of  existing  causes,  which  seems 
likely  to  elicit  much  of  talent  and  feeling  in  its  examination.  He 
maintains  that  if  the  causes  now  in  operation  be  supposed  to  have 
acted  during  immense  periods  of  past  time,  without  any  increase 
of  intensity,  they  may  have  produced  all  the  phenomena  which 
the  records  of  geology  disclose.  Those  who  take  the  opposite 
ground,  are  ready  to  admit  that  the  dynamics  of  existing  causes 
has  been  greatly  underrated :  nor  do  they  suppose  that  any  causes 
different  in  their  nature  from  existing  ones,  have  been  in  operation 
in  past  times.  But  they  suppose  these  causes  to  have  acted  with 
far  greater  intensity  formerly  than  at  present:  and  they  appeal  to 
the  following  facts  in  support  of  this  opinion,  and  in  opposition  to 
the  theory  above  stated. 

1.  The  spheroidal  figure  of  the  earth  renders  it  probable  that  it 
was  once  fluid.  Whether  this  fluidity  was  igneous  or  aqueous, 
the  operation  of  fire  or  water  must  have  been  far  more  powerful 
formerly  than  at  present. 

2.  Perhaps  nine  tenths  of  our  present  continents  exhibit  evi- 
dence that  their  stratified  rocks  were  formed  beneath  the  ocean  ; 
and  they  must  consequently  have  been  subsequently  elevated  ; 
and  this  not  by  little  and  little,  but  by  paroxysmal  efforts  of  vol- 
canic force.  But  that  force  during  the  last  4000  years,  seems  to 
have  been  by  far  too  feeble  to  produce  effects  to  be  compared  with 
the  elevation  of  a  continent,  or  even  a  single  mountain  chain. 

3.  The  products  of  volcanic  agencies  in  early  times,  that  is^  the  un- 
stratified  rocks,  appear  to  have  been  far  more  abundant  than  during 

♦  PMlosophical  Tmnsactions  for  1828,  Part  11. 

t  Principles  of  Qeology  bv  Charles  LyeU,  Esq.  Vol.  L  Londoa,  1830 :  Vot  II, 
Loadoa,  im ;  Vol  III,  Londoii,  1833. 
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the  last  few  thousaDds  of  years.  That  is,  the  deposiu  of  granite, 
sienite,  and  porphyry,  whose  cotemporary  production  can  be  ren- 
dered probable,  are  of  greater  extent  than  those  of  basalt,  green- 
stone, and  trachyte :  and  these  latter  more  abundant  than  the  la- 
vas of  existing  volcanoes  :  thus  exhibiting  a  diminishing  energy  of 
volcanic  action. 

4.  A  correspondent  decrease  of  violence  in  this  power,  is  obvi- 
ous in  the  disturbances  and  dislocations  of  the  stratified  rocks  by 
the  protrusion  of  the  unstratified.  That  is,  the  oldest  stratified 
rocks  exhibit  far  more  of  disturbance  than  those  of  more  modem 
date ;  many  of  which  have  not  been  disturbed  at  all.  This  can* 
not  be  explained  by  supposing  that  the  older  rocks  have  been  af- 
fected by  all  the  paroxysmal  efforts  of  volcanic  power  that  have 
occurred,  whereas  the  newer  ones  have  felt  only  the  modem 
throes :  for  the  latter  products  of  volcanic  action,  such  as  basalt, 
greenstone,  trachyte,  and  lava,  appear  but  in  a  few  instances  to 
have  disturbed  the  older  rocks. 

5.  The  vents  of  existing  volcanoes  are  always  situated  in  the 
midst  of  regions  exhibiting  marks  of  former  and  extinct  volcanic 
action ;  and  they  occupy  but  a  small  proportion  of  those  regions  ; 
indicating  a  comparative  repose  or  diminution  of  the  volcanic 
power. 

6.  In  correspondence  with  the  preceding  facts,  we  find  the  older 
rocks,  both  stratified  and  unstratified,  more  crystalline  in  their  struc- 
ture than  the  newer  ones  ;  an  effect  which  would  result  from  the 
diminished  agency  of  heat. 

7.  The  character  of  organic  reniains  implies  a  like  diminution 
of  temperature :  nor  can  the  astronomical  theory  of  Mr.  Hersphel, 
making  this  diminution  the  result  of  a  gradual  change  in  the  ellip- 
ticity  of  the  earth's  orbit ;  nor  the  geographical  theory  of  Mr. 
Lyell,  which  refers  it  to  variations  in  the  relative  position  of  land 
and  water,  and  in  the  elevation  and  form  of  land ;  afford  any  sat- 
isfaction to  the  mind. 

8.  The  occurence  in  the  sedimentary  rocks  of  immense  beds  of 
ponglomerate,  indicates  the  occasional  recurrence  of  powerful  de- 
iDacles  oi  water,  to  form  and  collect  the  materials  foir  these  rocks. 
But  we  know  of  no  cause  now  in  operation  adequate  to  the  pro- 
duction of  such'deluges.  Yet  if  we  admit  the  greater  intensity  of 
volcanic  power  in  past  times,  an  adequate  cause  is  provided. 

9.  Existing  diluvium  cannot  be  accounted  for  by  causes  now  in 
action.  Tliis  point,  in  relation  to  the  diluvium  of  Massachusetts, 
has  been  so  fully  discussed  in  the  earlier  pages  of  this  Report, 
that  I  need  add  nothing  further  in  this  place,  except  to  say,  that 
the  diluvium  of  other  countries  appears  to  be  quite  as  difficult  to 
be  accounted  for  by  the  fluvial  theory. 

Upon  the  whole,  it  seems  to  me  that  however  easily  a  man  may 
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persuade  himself  in  bis  cabinet,  of  tbe  trulb  of  ibe  theory  that 
has  been  examinedi  be  cannot  go  forth  among  tbe  mountains  with- 
out meeting  its  refutation  everywhere ;  and  he  must  be  continually 
impressed  with  the  ?ast  intensity  of  force  which  aqueous  and  ig- 
neous agents  have  exerted  on  the  globe  in  former  times. 

Here  terminates  my  account  of  the  particular  rocks  of  Massa- 
chusetts. A  few  miscellaneous  matters  that  could  not  properly  be 
introduced  in  any  other  place,  will  be  added  in  conclusion  of  the 
Scientific  Geology  of  the  State. 

Miscellaneous  Items. 

1.  Origin  of  MetaJUc  Veins,  Beds,  fyc. 

The  metals  sometimes  occur  in  the  rocks  disseminated  through 
their  masses  :  and  in  this  case  it  is  obvious  that  they  must  have 
existed  in  the  materials  out  of  which  the  rock  was  produced,  and 
have  been  separated  into  small  masses  by  chemical  affinities,  when 
the  rock  was  passing  from  a  fluid  to  a  solid  state.  The  same  was 
probably  true  in  those  cases  where  the  metals  exist  in  tuberculous 
masses  in  the  rocks.  When  they  occur  in  strings,  that  is,  in  small 
veins  so  numerous  as  to  give  the  rock  a  reticulated  appearance, 
they  were  probably  segregated  from  the  mass  of  the  rock  at  the 
period  of  its  formation ;  not  improbably  filling  up  the  small  cracks 
produced  by  incipient  consolidation.  Metallic  beds,  where  the  oro 
is  interstratified  with  the  rock,  may,  in  many  cases  have  resulted 
from  aqueous  deposition,  the  ores  having  been  subsequently  modi- 
fied by  exposure  to  heat ;  as  I  have  more  fully  suggested  in  de- 
scribing talcose  slate.  But  when  the  metals  occur  in  genuine 
veins,  as  they  usgally  do,  the  theory  of  their  origin  is  involved  in 
groat  obscurity.  The  Wernerian  dogma,  that  all  veins  were  filled 
by  aqueous  solution  from  above,  is  now  exploded ;  though  in  a 
few  instances  they  may  have  been  formed  in  this  manner.  A 
moro  recent  and  very  ingenious  hypothesis  represents  the  contents 
of  metallic  veins  as  having  been  secreted  from  the  rocks  by  means 
of  galvanic  electricity ;  *  and  tbe  change  that  takes  place  in  its 
contents  as  the  vein  passes  into  different  rocks,  certainly  lends 
some  plausibility  to  this  suggestion ;  and  it  would  seem  probable 
that  the  various  layers  of  rocks  and  minerals  that  make  up  the 
crust  x)f  the  globe,  must  form  galvanic  combinations  of  great 
power.  A  still  more  recent  bypothesisf  imputes  metallic  veins  to 
sublimation  by  the  internal  heat  of  the  earth,  which  causes  the 
metallic  substances  to  rise  into  the  fissures  that  exist  in  the  crust 
of  the  globe.     This  hypothesis,  also,  is  very  ingenious ;    but  my 

*  Fox  in  the  Philosophical  Transactions  for  1830,  p.  399. 
t  Neckar  in  Philosophical  Magazine.    Sept.  1832. 
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owu  roiod  b  not  satisfied  with  any  explanalion  that  has  yet  been 
proposed. 

I  am  not  aware  that  any  (acts  wbicb  have  coroe  to  my  koowl- 
edge  relative  to  the  metallic  veios  in  Massachusetts,  will  throw 
any  light  upon  this  subject.  But  as  yet  they  have  not,  except  in 
a  few  instances,  been  penetrated  far  enough  to  develope  (acts  of 
much  interest. 

The  direction  of  these  veins  is,  however,  a  point  that  ought  not 
to  be  passed  over  in  silence.  For  when  we  find  veins  corres- 
ponding in  direction,  especially  if  in  the  same  formation,  we  have 
good  reason  for  presuming  that  they  origroated  in  a  common  cause, 
and  at  the  same  epoch.  On  Plate  XVI,  which  shows  the  direc- 
tion of  the  strata  m  Massachusetts,  I  have  given  the  course  of 
most  of  the  metallic  beds  and  veins  in  the  State  by  double  arrow 
heads.  The  following  are  the  data  from  which  I  made  the  delin- 
eation : 

Direction.  Dip. 

1.  Bed  of  Iron  in  Hawley ;     North  and  South  ;         Vertical. 

2.  do.  Somerset,  Vt.         do.  20°  to  30**  East. 

3.  Bed  of  Manganese,  Plainfield, 

rS.  W.  part,^  do.  nearly  W  East. 

4.  Vein  of  Lead,  (most  Southerly) 

Leverett,  do.  nearly  Vertical. 

5.  do.  Whately,  (North  part,)     do.  do. 

6.  Vein  of  Copper  Ore  on  Island, 

Turner's  Falls,  do.  Westerly. 

7.  Vein  of  Copper  Ore  in  Green- 
field, near  Turner's  Falls,  do,  Verucal. 

8.  Vein  of  Manganese,  Conway,  N.  E.  and  S.  W.       do. 

9.  Vein  of  Lead,  and  Copper, 

Leverett,  (most  northerly  vein,)  do. 

10.  do.  do.  Southampton,  do.  nearly,  do.  ? 

11.  do.  do.  Westhamptod,  do.  do.? 

12.  do.         Zinc  chiefly, 

Northampton,  do.  do. 

13.  and  14.  Two  veins  chiefly  in 

Whately,*  '  do. 

15.  Bed  of  Copper  Ore,  Granby,  Ct.  do.  20**  S,  E. 

16.  Bed  of  Mag.  Oxide  of  Iron, 

Bernardston,  North  and  Souih  do. 

17.  Bed  of  Plumbago,  Sturbridge,  N.  30**  E.     60^  to  70^  N.  W. 

18.  do.  Iron  and  Zinc,  Sterling,  N.  several  degrees  E.     do. 

19.  Vein  of  Lead,  Hatfield,  nearly  N.  W.  andS.  E.  Vertical? 

*  On  Mr.  Nash's  Authority. 
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Regarding  only  tbe  veins  in  the  above  table,  and  judging  merely 
from  their  course,  we  should  infer  that  all  of  them  were  produced 
at  two  epochs,  except  the  singld  vein  in  Hatfield.  But  the  great 
difference  between  the  age  of  the  new  red  sandstone,  containing 
the  copper  veins,  and  that  of  the  granite  and  mica  slate  contain- 
ing the  other  veins,  renders  it  probable  that  those  in  the  former 
rock  must  have  been  formed  at  a  different  epoch  from  those  of 
the  latter.  On  this  view  of  the  subject  we  must  refer  these  veins 
to  four  periods: — 1.  The  veins  of  copper,  5  and  6,  in  the  new 
red  sandstone ; — 2.  The  veins  of  lead,  4  and  5 ; — 3.  The  veins 
8,  9,  10,  11,  12,  13  and  14;— 4.  The  vein  19.  If  the  beds  be 
considered  as  connected  in  their  origin  with  the  veins,  the  number 
of  epochs  of  production  will  not  be  increased :  since  the  beds,  ], 
%  and  3,  will  belong  to  tbe  first  epoch,  and  15,  16,  17,  and  18  to 
the  second, 

2.  Elevation  of  the  Mountains  and  Systems  of  Strata  in  Mas- 
sachusetts. 

Geologists  who  saw  that  the  existing  continents  of  the  globe 
bad  obviously  been  raised  from  tbe  bottom  of  the  ocean,  had 
sometimes  suggested  that  different  mountain  ridges  had  been  lifted 
up  at  different  epochs.  And  they  seemed  to  approach  very  near 
sometimes  to  the  discovery  of  the  principle  by  which  they  could 
determine  the  relative  ages  of  these  mountains.  But  it  was  re- 
served for  Eli  de  Beaumont  to  develope  the  true  principles  by 
which  we  should  be  guided  in  such  investigations ;  and  perhaps 
no  discovery  in  geology  within  the  present  century,  has  excited 
so  much  interest  among  geologists  as  this.  I  could  not,  therefore, 
be  justified  in  closing  my  Report  without  an  effort  to  apply  these 
principles  to  the  mountains  and  systems  of  strata  in  Massachu- 
setts. But  as  no  efibrt  of  the  kind  has  been  made  in  this  country, 
I  fear  that  I  shall  make  but  a  feeble  beginning. 

Sections  and  Map  of  the  Direction  of  the  Strata  accompanyif^ 

this  Report. 

In  order  to  give  as  correct  a  view  as  I  am  able  of  the  course  of 
our  inclined  strata  and  their  dip,  I  have  given  Plate  XVI  to  illus- 
trate the  former,  and  Plate  XVII  and  XVIII,  to  exhibit  tbe  lat- 
ter. For  on  these  two  circumstances  tbe  whole  argument  for  prov- 
ing the  elevation  of  the  difi&rent  systems  of  strata  at  different 
epochs,  rests. 

Tbe  instruments  which  I  have  employed  for  ascertaining  the  di- 
rection and  dip  of  the  strata,  are  a  good  pocket  compass  and  a  cli- 
nometer. I  confess,  however,  that  in  consequence  off  the  very 
common  oscillation  of  the  dip  and  direction  within  short  distances, 
I  have  been  much  in  the  habit  of  depending  upon  the  eoup  d'oeil 
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to  obtain  their  average.:  being  sore  that  I  knew  where  the  trae 
meridian  lay^  and  having  found  by  long  trial  that  I  could  be  mote 
accurate  in  this  way,  and  especially  in  respect  to  the  dip,  than  by 
the  use  of  instruments.  But  after  all,  every  geologist  must  be 
aware  that  all  observations  of  this  kind,  made  in  the  best  manner, 
can  be  only  approximations  to  the  truth.  In  most  instances,  how- 
ever, they  come  sufficiently  near  the  truth  to  form  a  good  basis 
for  reasoning ;  since  it  is  large  differences  only,  in  the  dip  and  di- 
rection, on  which  the  conclusions  rest. 

In  strictness,  when  the  direction  is  given  in  this  Report  in  de- 
grees, about  five  degrees  should  be  allowed  for  the  westerly  va- 
riation of  the  magnetic  needle. 

It  is  only  the  predominant  or  general  direction  of  the  basset 
edges  of  the  strata  that  I  have  undertaken  to  give  on  the  Map. 
The  preceding  pages  of  my  Report  contain  numerous  local  ex- 
ceptions :  but  unless  these  are  on  a  large  scale,  as  in  Worcester, 
Goshen,  be.  they  have  not  been  represented. 

Dotted  lines  are  drawn  on  the  Geological  Map  of  the  State, 
^late  I,)  to  show  where  the  sections,  given  on  Plates  XVII  and 
aVIII,  cross  the  country.  Section  A,  crosses  from  east  to  west 
near  the  northern  part  of  the  State.  Section  B,  is  intended  to 
cross  near  the  middle  of  the  State :  though  it  deviates  somewhat 
from  a  direct  course,  in  order  to  strike  the  granite  and  coal  ia 
Worcester.  Section  C,  passes  through  the  southern  part  of  the 
State ;  though  when  it  reaches  the  northern  comer  of  Rhode 
Island,  it  tends  more  to  the  south,  in  order  to  terminate  upon  the 
famous  '  Plymouth  Rock,'  which  is  a  large  bowlder  of  a  rather 
peculiar  kind  of  granite.  (No.  1433)  Section  D,  passes  from  the 
northeast  corner  of  the  State  to  Boston ;  thence  it  changes  its 
course*  slightly  to  reach  Newport,  R.  Island.  Above  sections  B 
and  C,  a  few  short  sections  are  introduced  of  interesting  places  ly- 
ing too  far  north  of  the  line  of  the  general  sections  to  be  made 
part  of  them.  In  these  minor  sections  the  same  scales  are  em- 
ployed as  in  the  larger  ones. 

The  boriflontal  scale  used  in  all  these  sections  corresponds  with 
that  on  the  Geological  Map :  so  that  the  sections  are  of  exactly 
the  same  length  as  the  Map,  measured  on  the  dotted  lines  above 
described.  Hence  any  particular  spot  on  the  section  may  be  found 
upon  the  State  Map,  by  laying  the  one  upon  the  other.  The 
scale  for  laying  off  the  heights  is  1500  feet  to  the  inch.  I  do  not 
suppose  that  1  have  always  given  the  height  of  the  surface  with 
much  exactness.  I  have  depended  on  several  surveys  that  have 
been  executed  within  a  few  years  for  contemplated  canals  and 
rail-ways,  and  on  other  admeasurements  published  by  individuals, 
for  the  height  of  the  most  important  points  along  the  sections. 
But  in  some  instances  the  course  of  these  surveys  did  not  corres- 
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pond  with  the  line  of  the  sections.  In  such  case  I  could  only  ap- 
proximate to  the  elevation. 

The  double  scale  necessarily  employed  in  extensive  sections  of 
this  kindi  gives  so  distorted  a  representation  of  the  surface,  and 
consequently  of  the  relative  situation  of  the  different  rocks^  as  ex- 
ceedingly to  diminish  the  value  of  such  representations.  Geolo- 
gists accordingly  at  the  present  day,  place  but  little  dependence 
upon  them  :  or  rather  they  value  them  less  just  in  proportion  to 
their  distortion.  <  Such  sections,'  says  De  la  Beche,  <  are  little 
better  than  caricatures  of  nature,  and  are  frequently  much  more 
mischievous  than  useful,  even  leading  those  who  make  them  to 
false  conclusions,  from  the  distortion  and  false  proportions  of  the 
various  parts.'*  If  to  this  it  be  added  that  there  is  a  strong  temp- 
tation to  make  up  for  a  deficiency  of  observation  by  giving  the  rel- 
ative position  of  rocks  according  to  a  favorite  theory,  we  shall  be 
persuaded  that  a  large  part  of  the  sections  hitherto  published,  have 
conveyed  to  the  mind  nearly  as  much  error  as  truth.  A  section 
which  exhibits  only  the  truth,  so  far  as  the  observer  has  ascertained 
it  from  actual  examination,  forms  too  naked  and  uninviting  a  sketch 
to  satisfy  the  taste  or  ambition  of  many.  Hence  the  imagin- 
ation and  the  painter  are  taxed  to  make  up  the  deficieucy. 

In  the  sections  appended  to  this  Report,  however,  1  have  endeav- 
ored to  present  the  dip  and  superposition  of  the  rocks,  only  so  far 
as  1  have  determined  these  points  from  actual  observation.  Where 
for  instance,  as  in  the  case  of  the  limestone  of  Berkshire  county, 
I  have  not  seen  tlie  actual  junction  of  different  rocks,  I  have  left 
a  blank  space  between  them.  Notwithstanding  these  precautions, 
I  am  afraid  that  these  sections  will  convey  some  erroneous  im- 
pressions. 

The  principal  object  of  these  sections  is  to  exhibit  the  actual 
dip  of  the  strata ;  and  this  I  have  endeavored  to  give  without 
reference  to  the  distortions  of  the  surface. 

Systems  of  Strata  and  Mountains  of  Contemporaneous  Elevation 
in  Massachusetts. 

A  careful  examination  of  the  Map  and  sections  that  have  just 
been  described,  will  satisfy  any  one,  that  although  the  rocks  of 
Massachusetts  belong  to  several  distinct  systems  of  elevation,  yet 
the  central  ridge,  or  anticlinal  line,  of  not  one  of  these  systems, 
perhaps,  passes  through  the  State.  We  may,  therefore,  hope  that 
correspondent  parts  of  these  systems  may  be  discovered  beyond 
the  limits  of  the  State.  But  I  shall  first  endeavor  to  point  out, 
as  well  as  I  am  able,  in  chronological  order,  the  different  systems 
that  appear  within  the  State. 

*Geolcg;ical  Manual,  dd  edition,  p.  5i5. 
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A  peculiar  diffiaultj,  however,  meets  us  in  atteniptiog  to  ascer- 
tain the  relative  epochs  of  elevation  of  our  strata ;  lor  most  of 
the  newer  strata  are  wanting  in  New  England ;  or  rather  their 
Dumher  is  much  less  than  in  some  other  parts  of  the  world.  lo 
the  western  part  of  this  State,  for  instance,  we  have  only  the  new 
red  sandstone  and  a  single  tertiary  formation,  not  yet  identified 
with  any  in  other  parts  of  the  world,  to  guide  our  inquiries  in  re* 
spect  to  the  epochs  of  elevation.  And  in  the  eastern  parts  of 
the  State,  graywacke  alone  affords  us  any  assistance  in  this  mat- 
ter ;  since  the  plastic  clay  and  every  other  tertiary  formation  are 
so  insulated  from  the  older  rocks,  as  to  form  no  grounds  for  any 
other  than  hypothetical  conclusions.  For  these  reasons  1  find  it 
impossible  to  ascertain  the  exact  place  in  respect  to  time,  which 
all  the  systems  of  elevation,  that  1  think  I  discover  in  the  Bute, 
ought  to  occupy.  Most  of  these  systems  appear  to  be  of  great 
antiquity  ;  corresponding  perhaps  with  the  oldest  that«have  been 
described  in  Europe. 

1.  Oldest  Meridional  System.  The  meeting  of  the  new  red 
sandstone  of  the  Connecticut  valley,  with  the  primary  strata  of 
Hoosic  mountain  range,  in  an  unconformable  manner,  enables  us 
to  infer  with  certainty,  that  the  latter  have  suffered  at  least  two 
elevations  at  different  epochs.  For  the  sandstone  has  a  medium 
easterly  dip  of  15^  or  20^ ',  while  the  mica  slate,  talcose  slate,  and 
gneiss  of  the  Hoosic  range,  approach  to  verticality  in  their  dip. 
Hence  the  latter  must  have  received  their  principal  elevation  pre* 
vioQS  to  the  deposition  of  the  former.  There  may  have  been  more 
than  one  epoch  of  elevation  previous  to  that  time :  but  we  are 
thus  assured  of  at  least  one ;  and  the  very  considerable  inclination 
of  the  sandstone  demonstrates  an  epoch  of  elevation  subsequent  to 
its  deposition.  The  last  elevation  seems  not  to  have  affected  the 
primary  strata  on  the  east  side  of  the  Connecticut  valley,  except 
perhaps  to  a  limited  extent :  for  the  force  that  raised  the  sandstone 
was  so  applied  as  to  lift  up  the  western  edges  of  the  strata :  and 
if  there  had  been  a  similar  force  operating  on  the  eastern  side  o  f 
the  valley,  their  eastern  edges  would  also  have  been  thrown  up, 
at  least  so  as  to  keep  them  in  a  horizontal  situation,  if  not  to  give 
them  a  westerly  dip. 

All  the  primary  strata,  therefore,  in  Massachusetts,  west  of  the 
valley  of  Worcester,  whose  direction  is  north  and  south,  I  regard 
as  belonging  to  the  oldest  meridional  system:  and  such  is  the  general 
direction  of  all  the  strata  west  of  Worcester,  with  the  exception  per- 
haps of  the  argillaceous  slate,  and  associated  strata  in  the  north 
part  of  Franklin  County,  whose  situation  will  be  more  particularly 
noticed  farther  on.  The  Worcester  County  range  of  strata  may 
not,  indeed,  have  been  elevated  at  the  same  time  as  the  Hoosic 
range :  but  I  know  of  no  facts  that  will  prove  that  tbey  were  not 
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raised  at  the  same  epoch  ;  and  s'mce  the  direction  of  the  strata 
€X>tiiC]des,  we  lausi  refer  them  lo  the  same  epoch  until  counter  evi- 
'dence  be  produced. 

I  think  that  an  examtnalion  of  the  annexed  sections  will  lead  to 
tlie  impression  that  the  elevating  force,  or  rather  the  force  of  pli- 
cation,  which  has  formed  the  ridges  and  furrows  of  the  system  un- 
der consideration,  must  hsLve  operated  in  such  a  manner  as  to  raise 
up  the  mountain  ridges  on  the  east  and  west  sides  of  the  Connec- 
ticut valley,  much  higher  originally  than  the  valley  :  for  amid  all 
the  irregularity  that  is  manifested  in  the  dip  of  the  gneiss  range 
east  of  that  valley,  we  see  that  the  predominant  inclination,  par- 
ticularly towards  the  central  and  southern  parts  of  the  State,  is 
westerly ;  while  on  the  west  side  of  the  valley,  it  is  the  reverse ; 
although  nearly  vertical.  This  does  not  prove  that  the  part  now 
occupied  by  the  valley  suffered  a  depression  at  the  epoch  under 
consideration.  For  even  if  we  suppose  it  to  have  been  elevated, 
a  valley  would  have  been  the  result,  if  the  strata  on  the  east  and 
west  sides  underwent  a  still  greater  degree  of  elevation.  At  any 
rate,  I  think  that  the  actual  dip  of  the  strata  on  the  opposite  sides 
of  this  valley,  render  it  probable^  that  it  was  originally  a  valley  of 
dislocation,  and  not  of  excavation :  although,  as  I  have  argued  in 
other  parts  of  this  Report,  extensive  excavations  may  have  sub- 
sequently taken  place  within  its  limits. 

The  fact  that  the  rocks  of  Berkshire  valley  have  a  less  dip  than 
those  of  the  Hoosic  range,  leads  naturally  to  the  inference,  that 
they,  like  the  sandstone  in  the  Connecticut  valley,  were  not  eleva- 
ted during  the  epoch  of  the  oldest  meridional  system.  Yet  their  dip 
being  considerably  greater  than  that  of  the  sandstone,  renders  it 
somewhat  doubtful  whether  the  Berkshire  rocks  were  not  at  least 
partially  elevated  earlier  than  the  sandstone .:  and  this  fact  excites 
a  suspicion  that  there  may  have  been  three  epochs  of  elevation  in 
a  oorth  and  south  direction.  The  graywacke,  however,  between 
Berkshire  and  the  Hudson,  has  a  very  high  easterly  dip,  sufficiently 
great  to  be  regarded  as  belonging  to  the  oldest  meridional  system 
and  connected  with  the  Hoosic  range.  And  it  is  not  difficult  to 
conceive  how  a  series  of  rocks  of  <X)nsiderable  extent,  forming  only 
a  part  of  a  system  of  elevation,  may  have  been  tilted  up  much  less 
than  the  group  generally.  So  that  upon  the  whole,  I  am  greatly 
in  doubt  whether  the  Berkshire  rocks  ought  to  be  referred  to  the 
oldest  or  the  latest  meridional  system. 

In  tracing  this  oldest  meridional  system  beyond  the  limits  of 
Massactnisetts,  it  cannot  be  doubted  that  all  that  mountain  range 
from  New  York  to  Canada,  along  the  western  part  of  Connecticut, 
Massacbosetts,  and  Vermont,  called  in  Massachusetts  the  Hoosic 
range,  and  in  Vermont  the  Green  Mountain  range,  constitutes  a 
part  of  it.     Nor  can  there  be  any  more  doubt,  that  a  large  part  of 
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that  broad  range  forming  the  eastern  side  of  the  Gonnecticut  val- 
ley,  and  extending  from  Liong  Island  Sound  to  Canada,  at  least  as 
far  east  as  a  line  drawn  from  the  mouth  of  Thames  river  through 
Worcester  valley,  belongs  to  the  same  system.  1  mean,  that  if  the 
middle  portions  of  these  two  ranges  belong  to  the  same  epoch  of 
elevation,  so  must  their  prolongations  north  and  south.  The  east- 
ern range  embraces  the  highest  land  in  New  England ;  iodudiDg 
Wachusett,  Monadnock,  and  the  White  Mountains.  Since  these 
ranges,  however,  have  not  been  particularly  described  in  New 
Hampshire  and  Vermont,  other  systems  of  elevation  may  there  be 
connected  with  that  under  consideration.  But  the  continuity  of 
these  ridges  renders  it  almost  certain  that  the  oldest  meridional 
system  extends  from  one  extremity  to  the  other. 

According  to  the  best  maps,  the  most  elevated  parts  of  the  two 
ranges  that  have  been  described,  are  arranged  on  a  line  bearing  a 
few  degrees  east  of  north.  My  own  observations  on  limited  por- 
tions of  their  strata  in  Massachusetts,  have  not  been  accurate 
enough  to  decide  as  to  their  course  within  a  few  degrees.  I  have 
found  the  direction  of  the  strata  to  correspond  very  nearly  with 
the  meridian,  except  in  anomalous  cases. 

Beaumont,  in  his  Recherches  sur  quelques-unes  des  RevoltUions 
de  la  surface  du  Globe,*  notices  cursorily  the  system  that  has  now 
been  described ;  and  he  remarks,  that  <  without  doubt  it  belongs  to 
an  epoch  more  ancient  than  that  of  the  northeast  and  southwest 
beds  that  constitute  the  Alleganies  properly  so  called.'  He,  how- 
ever, makes  no  distinction  between  what  I  call  the  oldest  and  the 
newest  meridional  system  ;  not  being  aware  probably  of  any  evi- 
dence of  two  epochs  of  elevation. 

In  New  Jersey  and  Delaware,  primary  ranges  have  been  de- 
scribed, running  nearly  north  and  south,  which  have  been  regarded 
as  a  prolongation  of  those  along  the  banks  of  the  Hudson  and  the 
Connecticut.  They  ought  rather  to  be  regarded  as  parallel  ridges, 
belonging  however  to  the  same  system :  and  from  some  hasty  ob- 
servations which  I  made  several  years  ago  in  New  Jersey,  I  am 
disposed  to  believe  that  the  new  red  sandstone  there,  occupies  the 
same  relative  situation  with  respect  to  the  primary  rocks,  as  in  the 
Connecticut  valley. 

Examining  the  map  of  America,  we  perceive  that  a  considera- 
ble part  of  the  Rocky  Mountains  have  a  north  and  south  direction, 
and  that  such  is  the  general  direction  of  the  Andes,  as  well  as  of 
several  ridges  in  South  America  east  of  the  Andes :  and  we  know 
that  some  of  these  ranges  at  least,  are  mainly  composed  of  primary 
rocks.  But  in  every  case,  except  some  of  the  ridges  last  named, 
their  difference  of  longitude  is  so  great  as  to -render  it  extremely 

♦  Chap.  3.  p.  323 


Digitized  by  VjOOQ IC 


The  TVop  System.  513 

uDcertain  whether  they  were  elevated  at  the  same  epoch  as  the 
system  that  has  been  under  consideration. 

2.  The  Trap  System. 

The  circumstances  connected  with  the  greenstone  ridges  in  the 
valley  of  the  Connecticut,  are  such  as  to  lead  me,  with  not  a  little 
hesitation,  to  regard  them  as  erupted  at  an  epoch  distinct  from  all 
the  periods  in  which  the  other  rocks  in  the  St^te  have  been  ele- 
vated. On  page  245, 1  have  suggested  the  reasons  that  led  to  the 
conclusion,  that  the  greenstone  began  to  be  protruded  through  the 
sandstone  during  the  same  time  when  the  upper  beds  of  the  sand- 
stone were  depositing.  Were  it  not  for  the  occurrence  of  the  trap 
conglomerate  on  the  upper  side  of  the  greenstone,  we  might  al- 
low that  the  greenstone  was  protruded  at  the  same  time  when  the 
sandstone  was  elevated,  or  subsequent  to  that  epoch.  This  cir- 
cumstance proves  that  the  higher  beds  of  sandstone,  or  at  least  a 
part  of  them,  were  deposited  subsequent  to  the  elevation  of  the 
greenstone  :  otherwise,  how  could  rounded  masses  of  the  green- 
stone be  found  in  the  conglomerated  sandstone.  But  in  several 
places,  as  at  Turner's  Falls,  and  on  the  southeast  side  of  mount 
Holyoke,  these  higher  strata  of  sandstone  are  much  more  tilted  up 
than  those  beneath  the  greenstone :  which  seems  to  indicate  that 
this  latter  rock  forced  its  way  through  the  sandstone  after  the  de- 
position of  the  upper  beds.  These  facts  I  confess  are  difficult  to 
be  reconciled.  But  they  prove,  I  think,  that  the  greenstone  was 
elevated  at  a  period  (probably  at  more  than  one  period,)  dif- 
ferent from  that  when  the  sandstone  was  thrown  up. 

The  prevailing  easterly  dip  of  the  sandstone  containing  these 
ridges  of  greenstone  could  not  have  been  the  result  of  the  protru- 
sioD  of  the  latter  rock :  for  the  beds  below  the  greenstone,  are,  for 
the  most  part,  quite  as  much  inclined  as  those  above  it.  This 
proves  that  some  other  agency  must  have  raised  the  sandstone ; 
except  in  those  few  cases  alluded  to  above,  where  the  greenstone 
seems  to  have  increased  the  inclination  of  the  strata.  Hence  only 
the  sandstone  in  these  limited  spots  can  be  regarded  as  belonging 
to  this  system  of  elevation ;  and  it  embraces  only  the  trap  ranges 
extending  from  New  Haven  to  Vermont  These,  as  may  be  seen 
on  Plate  XV,  run  in  general  a  few  degrees  east  of  north. 

1  have  in  another  place  noticed  a  limited  deposit  of  new  red 
sandstone  and  greenstone  in  Woodbury  and  Southbury,  Ct.  This 
formation  resembles  exceedingly  the  analogous  sandstone  and 
greenstone  in  the  valley  of  the  Connecticut.  The  direction  of 
the  ridges  of  greenstone  in  the  Woodbury  valley  corresponds  very 
nearly,  also,  with  that  of  the  trap  in  the  Connecticut  valley ;  in- 
dicating a  synchronous  protrusion.  I  omitted,  in  treating  of  new 
red  sandstone,  to  notice  a  similar  formation,  about  60  miles  long 
and  30  broad,  in  New  Jersey ;  and  extending  northerly  into  New 
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York,  at  least  as  iar  aa  tbe  PalisAdoes  m  the  HacboD.*  Pramin* 
eDt  ridges  of  greenstone  ioteraect  this  rortnatiooi  runtnag  from  north 
to  south,  and  resting  on  sandstone,  shale,  and  conglomerates.  In- 
deed, taken  as  a  whole,  the  rocks  of  this  region  extremely  resemble 
those  in  the  basin  of  the  Conaeetieut.  The  inclination  of  the 
sandstone,  howefw,  is  in  general  rather  less  in  New  Jersey,  and  it 
is  westeriy ;  that  is,  in  a  direction  <»xitrary  to  that  of  the  saodstooe 
of  the  Connecticut  valley.  Consequently,  the  mural  hoes  of  the 
greenstone  ridges  in  the  latter  ndiey,  are  on  the  west  side  of  the 
ranges ;  while  in  New  Jersey  ibey  are  on  the  east  aide.  Bat  this 
does  not  militate  at  all  against  the  cooclusion  that  the  trap  ranges 
in  the  two  formations  belong  to  the  same  system  of  elevation.  It 
merely  renders  it  probable  that  an  axis  of  elevation,  or  anticlinal 
Une,  lies  between  them. 

3.  The  Latest  Meridional  System, 

I  have  presented  the  reasons  that  lead  me  to  suppose  the  Hoosic 
mountain  range  to  have  been  elevated  a  certain  distance  before  the 
deposition  of  the  new  red  sandstone.  But  the  inclination  of  that 
rock  shows  that  subsequent  to  its  deposition  a  second  elevation  has 
taken  place  in  the  same  range.  The  smallness  of  the  dip  in  the 
sandstone,  proves  that  this  second  elevation  must  have  been  small, 
compared  with  that  which  had  been  previously  accomplished  in 
the  primary  strata  west  of  Connecticut  river.  Yet  there  is  every 
reason  to  believe  that  this  second  elevating  force  acted  on  all  the 
rocks  between  Connecticnt  and  Hudson  rivers,  and  probably  <m 
those  farther  west.  And  very  probably  much  of  the  greenstone 
in  the  Connecticut  valley  was  lifted  up  akmg  with  the  aandstone. 
Hence  we  are  to  include  in  this  system  all  the  rodcs  between  Con- 
necticut and  Hudson  rivers ;  probably  the  whole  distance  between 
Long  Island  Sound  and  Canada.  But  there  is  no  evidence  that 
the  primary  rocks  east  of  Connecticut  river,  which  I  have  included 
in  the  oldest  meridional  system,  except  in  one  or  two  cases  of 
limited  extent,  were  affected  by  this  second  elevating  agency. 
For  if  such  had  been  the  case,  to  as  great  an  extent  as  on  the 
western  side  of  the  Connecticut,  the  sandstone  would  either  have 
been  elevated  without  losing  its  horiaontal  position,  or  it  would 
have  been  tilted  up  so  as  to  dip  in  opposite  directions  on  opposite 
sides  of  the  valley.  If  then  the  primary  strata  east  of  the  river 
were  affected  at  the  epoch  under  consideration,  it  must  have  been 
in  a  much  less  degree  than  tlie  strata  west  of  the  river. 

There  is,  however,  in  one  place,  striking  evidence  that  an  ele-  , 
vation  has  taken  place  in  the  gneiss  east  of  Connecticut  river, 
Btnce  the  deposition  of  the  sandstone.     I  refer  to  the  section  which 
I  have  given  in  treating  of  greenstone,  which  extends  from  the 

*  Pierce  in  the  Jbn.  Joar.  of  Science,  VoL  il.  p.  181. 
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greenstoDe  ridges  west  of  Turner's  falls,  to  the  primary  strata 
boundiog  the  eastern  side  of  the  valley.  The  change  in  the  di-^ 
rectioD  of  the  dip  of  the  sandstone  as  we  approach  the  primary 
strata,  can  be  explained  only  by  supposing  an  elevation  of  those 
strata  after  the  deposition  of  the  sandstone.  At  least,  the  evidence 
that  such  was  the  cause  of  this  anomalous  dip,  is  as  strong  as  the 
evidence  that  at  the  other  end  of  the  section  the  protrusion  of  the 
greenstone  has  occasioned  the  increased  dip  of  the  sandstone. 
But  it  is  easy  to  conceive  how  a  protrusion  of  granite  might  have 
taken  place  in  particular  places,  (and  the  section  shows  that  gran-^ 
ite  b  associated  with  the  gneiss  at  the  mouth  of  Miller's  river,) 
and  have  powerfully  affected  the  incumbent  strata  for  a  small  dis- 
tance, without  producing  a  perceptible  effect  over  regions  of  great 
extent.  And  upon  the  whole,  I  am  inclined  thus  to  explain  the 
case  that  has  been  referred  to. 

In  the  Connecticut  valley  no  rock  intervenes  between  the  new 
red  sandstone  and  the  newest  tertiary.  The  strata  of  the  latter  are 
boriasonta},  and  were  therefore  deposited  subsequent  to  the  elevation 
of  the  system  under  consideration.  Hence  we  can  only  say,  that 
the  period  when  this  system  was  developed,  was  that  which  inter* 
vened  between  the  deposition  of  the  sandstone  and  the  newest 
tertiary.  Beaumont,  however,  who  speaks  of  this  system,  as  it 
appears  in  New  Jersey  and  Delaware,  says,  that  there,  <  the  chalk 
formation  covers  the  prolongation  of  the  ancient  beds,  which  are 
elevated  in  a  nearly  north  and  south  direction,  and  which  form  the 
borders  of  Connectbut  and  the  river  Hudson.'  If  he  means,  as 
I  suppose  he  does,  that  the  cbalk  formation  in  those  states  is  not 
dislocated  nor  elevated,  it  will  follow  that  the  epoch  of  elevation 
of  this  system  occurred  between  the  deposition  of  the  sandstone 
and  the  chalk. 

4.  T%e  Northeast  and  Southwest  System. 

This  system  embraces  in  my  opinion  a  considerable  part  of  the 
mica  slate  in  the  valley  of  Worcester,  all  the  northern  part  of.tbe 
gneiss  range,  which  on  the  east  side  of  that  valley  trends  away  to 
the  northeast,  and  the  western  part  of  the  graywaeke  formation, 
with  the  talco-chloritic  and  mica  slate  in  Cumberland,  Smitbfield, 
be.  The  dip  and  direction  of  the  strata  in  the  gnebs  range  exhib- 
it, probably,  the  most  distinct  type  of  this  system.  They  are  more 
uniform  in  this  range  than  in  any  other  perhaps  in  the  State.  The 
direction  b  nearly  northeast  and  southwest ;  though  I  think  rather 
nearer  to  north  and  south  than  to  east  and  west*  The  medium  dip 
b  from  60°  to  70°  northwest.  In  the  Worcester  mica  slate,  the  dip 
and  direction  are  much  more  irregular :  though  for  the  most  part 
its  strata  run  nearly  northeast  and  southwest  and  dip  northwest  at 
a  large  angle.    But  towards  the  southern  part  of  the  range,  they 
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run  nearly  north  and  south ;  and  towards  the  northeast  part  of  the 
rangCi  they  run  nearly  east  and  west,  conforming  apparently  to  the 
curve  which  the  western  mai^in  of  the  gneiss  forms.  The  western 
part  of  thb  mica  slate  range  appears  to  helong  to  the  oldest  me- 
ridional system  that  has  been  described.  As  to  the  ai^illaceoos 
slate,  contained  in  this  formation,  I  suspect  that  also  to  be  connected 
with  the  same  meridional  system ;  though  I  have  not  observed  its 
dip  and  direction  in  places  enough  to  enable  me  to  form  a  very 
confident  opinion  on  this  point. 

I  am  strongly  suspicious,  that  the  mica  slate  of  Worcester  val- 
ley, will  be  found  to  be  not  perfectly  conformable  in  its  stratifica- 
tion to  the  gneiss  on  either  side  of  the  valley ;  in  other  words, 
that  the  gneiss  was  partially  elevated  previous  to  the  deposition  of 
the  mica  slate.  If  so,  that  epoch  of  first  elevation  is  probably 
the  oldest  in  Massachusetts.  But  there  is  so  much  of  irregularity 
in  the  dip  of  this  rock,  that  I  do  not  presume  to  erect  another 
system  upon  so  uncertain  a  foundation. 

An  inspection  of  Plate  XV,  will  show  clearly  that  the  gray- 
wacke  formation  belongs  to  two  very  distinct  systems  of  elevation ; 
the  one  running  nearly  east  and  west,  and  the  other  not  far  from 
northeast  and  southwest.  A  tract  of  some  width,  extending  from 
Walpole  to  Providence,  and  indeed  to  Newport,  belongs  to  the 
latter  system ;  although  on  the  bland  of  Rhode  Island,  there  b 
not  a  little  irregularity  in  the  dip  and  direction.  Obviously  this 
part  of  the  gray  wacke  belongs  to  the  northeast  and  southwest  sys- 
tem under  consideration.  The  talco-chloritic  slate  in  Cumberland 
and  Smithfield,  also,  as  well  as  a  part  of  the  mica  slate  connected 
with  it,  appear  to  belong  to  the  same  system ;  and  since  the  pre- 
vailing dip  is  southeasterly,  (although  in  this  there  is  great  irregu- 
larity,) it  would  seem  that  there  may  be  an  anticlinal  line  between 
the  graywacke  and  the  gneiss  east  of  Worcester,  which  dips  in  a 
contrary  direction. 

Along  the  western  margin  of  the  tongue  of  graywacke  extend- 
ing towards  Sherburne,  the  direction  of  the  strata  corresponds  with 
this  system ;  for  example,  in  Natick  and  Watertown,  and  probably 
b  to  be  reckoned  as  a  part  of  it. 

The  tendency  to  a  northeast  and  southwest  direction,  which  I 
have  observed  in  the  argillaceous  slate  of^  Guilford,  Vt.  has  led 
me  to  suspect  that  thb  abo  may  belong  to  the  same  system.  But 
to  render  it  certain,  the  formation  should  be  examined  farther 
north,  in  Vermont  and  New  Hampshire.  The  mica  slate  asso- 
ciated with  this  clay  slate  on  the  east,  in  the  southwestern  part  of 
New  Hampshire,  should  be  examined  with  the  same  object  in 
view ;  for  I  have  observed  this  also  to  bear  too  much  to  the  north- 
east and  southwest  to  belong  to  the  meridional  systems,  except  as 
a  local  anomaly. 
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I  have  particularly  described  under  sienite,  a  limited  formation 
of  hornblende  slate  and  mica  slate  in  Wbately,  running  in  a  di- 
rectioo  which  corresponds  nearly  with  the  northeast  and  southwest 
system.  If  I  do  not  misrecollect,  the  same  series  of  rocks,  em- 
bracing serpentine  and  verd  antique  marble,  west  of  New  Haven, 
have  a  similar  direction.  Perhaps  both  these  cases  are  insulated 
parts  of  this  system. 

I  think  it  most  probable  that  the  northeast  and  southwest  ranges 
which  I  have  now  described,  belong  to  a  very  extensive  system  of 
elevation,  of  which  the  Alleghany  mountains  form  a  part.  An- 
other range  of  strata  of  vast  extent,  doubtless  a  part  of  the  same 
system,  can  be  traced  from  the  river  Saguenai,  100  miles  east  of 
Quebec,  to  Lake  Huron.  These  consist  of  gneiss,  mica  slate, 
greenstone,  sienite,  &c.,  and  have  been  regarded  by  Dr.  Bigsby 
as  the  most  recent  of  the  primar}'  rocks.*  But  if  we  take  Beau- 
mont for  authority,  even  these  extensive  ridges  constitute  but  a 
moiety  of  this  system.  It  is  his  Pyreneo-Appenine  system  ;  and 
it  includes  the  whole  of  the  Pyrenees,  a  part  of  the  Appenines, 
the  mountains  of  the  Morea,  a  part  of  the  Hartz  Mountains, 
Mount  Atlas,  and  other  ridges  in  Africa,  particularly  in  Egypt, 
the  Carpathian  Mountains,  Mount  Carmel,  and  Sinai  in  Palestine, 
a  part  of  the  Caucasian  chain,  and  of  the  Ghauts,  forming  indeed, 
a  set  of  parallel  ridges  around  the  whole  globe ;  and  being  the 
most  extensive  and  remarkble  system  that  has  yet  been  traced. 

I  ought  perhaps,  however,  to  suggest  the  possibility,  that  the 
rocks  in  Massachusetts,  which  I  have  described  as  belonging  to 
this  system,  may  be  found  connected  with  some  other.  For  the 
strata  certainly  for  the  most  part,  run  nearer  north  and  south  by  a 
few  degrees  than  the  general  course  of  the  AUeghanies. 

I  have  not  found  any  of  the  more  recent  rocks  in  Massachu- 
setts connected  with  this  system,  by  which  to  judge  of  the  epoch 
of  its  elevation.  We  could  learn  here  only  that  it  took  place 
after  the  deposition  of  the  graywacke.  But  according  to  Beau- 
mont, it  tpok  place  between  the  deposition  of  the  chalk,  and  the 
oldest  of  the  tertiary  strata. 

5.  East  and  fVest  System. 

This  includes  the  greater  part  of  the  graywacke,  granite,  sienite, 
porphyry,  and  greenstone,  in  the  eastern  part  of  the  State ;  and 
probably  the  gneiss  in  the  vicinity  of  New  Bedford.  Amid  many 
anomalies,  the  decidedly  predominant  direction  of  the  strata  of 
graywacke,  (excepting  Uie  portions  conneeted  with  the  last  sys- 
tem,) is  east  and  west  and  the  dip  northerly.  Not  having  made 
many  observations  upon  the  New  Bedford  gneiss,  and  finding  that 

*  Phil.  Mag.  Vol.  n.  N.  S.  p.  219. 
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sometimes  its  strata  tend  northeasterly  and  soutliwesterly,  I  was 
at  first  inclined  to  refer  it  to  the  last  described  system.  But  more 
probably  I  think,  it  should  be  connected  with  the  system  under 
consideration. 

So  limited  is  the  graywacke  in  some  portions  of  the  region  era- 
braced  by  this  system,  as  I  have  stated  its  boundaries,  that  it  would 
be  desirable  to  find  other  evidence  that  the  granite,  sienite,  por- 
phyry, and  greenstone,  along  the  eastern  part  of  the  State,  belong 
to  the  same  system  of  elevation.  And  fortunately  this  evidence 
is  presented  in  the  east  and  west  direction  of  nearly  all  the  moun- 
tain ridges  and  chains  of  hills  composed  of  these  rocks.  The 
most  striking  example  of  this  fact  is  the  Blue  Hills,  made  up  of 
sienite  and  porphyry,  and  forming  the  most  elevated  land  in  the 
eastern  part  of  the  State.  The  porphyry  range  a  little  north  of 
Boston  has  the  same  general  direction  ;  and  so  have  many  smaller 
ridges  to  the  south  of  the  Blue  Hills.  In  Sharon,  Foxborough, 
&c.,  however,  the  sienite  ridges  assume  a  direction  nearly  north- 
east and  southwest,  or  somewhat  nearer  to  the  meridian  than  this. 
This  is  the  case  with  the  Moose  Hill  range,  for  instance,  which 
is  more  than  400  feet  high,  and  runs  northeast  and  southwest ;  and 
this,  with  other  parallel  ridges  in  that  vicinity,  obviously  belong  to 
the  last  system  of  elevation  that  has  been  described.*  And  this 
is  what  we  might  expect,  since  a  portion  of  the  graywacke  run- 
ning through  Walpole  and  Wrentham,  and  belonging  to  the  north- 
east and  southwest  system,  occupies  the  valleys  between  these 
ridges. 

I  have  suggested  in  another  place,  that  the  disturbance  which 
the  Plastic  Clay  Formation  on  Martha's  Vineyard  seems  to  have 
undergone,  may  have  resulted  from  the  protrusion  of  granite.  If 
so,  that  granite  was  probably  a  portion  of  the  east  and  west  sys- 
tem under  description.  According  to  these  data,  the  epoch  of  its 
elevation  must  have  been  subsequent  to  the  deposition  of  the 
Plastic  Clay,  and  consequently  later  than  the  epoch  of  the  north- 
east and  southwest  system.  But  I  regard  this  evidence  as  little 
better  than  conjecture ;  and  therefore,  I  am  greatly  in  doubt  as 
to  the  period  when  this  system  was  elevated. 

It  is  natural  to  inquire  whether  any  (races  of  this  system  can 
be  discovered  beyond  the  limits  of  Massachusetts.  The  only 
means  I  have  of  forming  any  conjecture  on  the  subject,  consist  of 
geographical  maps,  which  give  the  direction  of  chains  of  moun- 
tains :  and  even  in  this  respect  they  are  so  imperfect,  as  to  the 
more  unexplored  parts  of  our  continent,  that  they  leave  one  in 
much  doubt.  I  will  only,  therefore,  say,  that  on  our  best  maps, 
a  range  of  mountains  extends  along  the  southern  border  of  Labra- 

•H.  E.  Rogers  in  the  Report  on  the  Providence  and  Boston  Rail  Road,  p.  59 
and  61. 
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dor  westwards  :  and  that  such  is  the  direction  of  the  rivers,  which 
fartlier  west  run  on  ihe  north  into  Hudson's  Bay,  and  on  the  south 
into  the  bason  of  the  St.  Lawrence  and  great  western  lakes,  as  to 
show  that  the  elevated  land,  if  not  mountain  ridges,  in  which  these 
rivers  take  their  rise,  have  a  direction  nearly  east  and  west.  The 
same  is  true  of  the  region  west  of  lake  Winnipeck,  and  of  a  tract 
several  hundred  miles  long,  on  the  south  side  of  lake  Superior,  in 
which  the  waters  that  flow  into  that  lake  take  their  rise. 

6.  Northwest  and  Southeast  System, 

No  part  of  the  region  embracced  by  the  Geological  Map  (Plate 
I.)  has  occasioned  me  so  much  perplexity  to  ascertain  the  direc- 
tion of  the  strata,  as  that  in  the  vicinity  of  Blackstone  river,  near 
the  place  where  it  passes  into  Rhode  Island.  The  direction  of 
the  strata  of  gneiss  there,  does  not  generally  differ  much  from  the 
usual  course  of  the  river,  and  the  pretty  uniform  dip  is  northeast. 
Yet  sometimes  we  find  them  running  nearly  east  and  west  and 
dipping  north ;  and  this  circumstance  has  led  me  to  inquire,  wheth- 
er they  might  not  in  fact  be  connected  with  the  east  and  west  sys- 
tem. I  know  not  that  it  is  yet  settled,  how  much  local  causes 
may  alter  the  direction  of  strata  of  the  same  system  in  different 
places.  But  my  present  impression  is,  that  the  strata  under  con- 
sideration ca.n  hardly  be  connected  with  the  east  and  west  system  : 
and,  therefore,  1  place  them  provisionally  under  a  sixth  system. 
But  1  possess  no  data  for  forming  even  a  conjecture  as  to  the  epoch 
of  Its  elevation. 

In  Dr.  Richardson's  account  of  the  geology  of  the  northwest 
part  of  North  America,  observed  during  the  recent  exploring  tour 
under  Capt.  Franklin,  we  find  him  describing  a  part  of  the  Rocky 
Mountains  as  composed  of  four  chains,  terminating  by  the  north- 
ern ocean  to  the  west  of  Mackenzie's  River,  and  running  about 
S.  E.  and  N.  W.  They  consist  of  primary  rocks :  and  I  mention 
them  here,  as  a  pl'etty  strong  indication  that  a  system  of  elevation 
with  such  a  bearing  exists  on  this  continent.  Such  a  direction, 
however,  is  not  common  in  North  America  in  our  mountain  chains, 
unless  we  go  as  far  south  as  the  isthmus  of  Darien. 

In  comparing  the  facts  which  have  now  been  stated  in  regard  to 
the  elevation  of  our  strata,  with  similar  facts  developed  in  Europe, 
I  have  been  led  to  conclude  that  it  is  a  considerably  longer  period 
since  the  elevating  force  has  acted  in  the  United  States  than  in 
Europe.  For  we  have  slight  evidence  of  any  extensive  distur- 
bance here  since  the  deposition  of  the  strata  above  .the  chalk,  and 
not  very  conclusive  evidence  of  such  disturbance  even  so  late  as 
the  cretaceous  period:  whereas,  in  Europe,  several  systems  of  ele- 
vation are  reckoned  of  a  later  date.     And  this  conclusion  agrees 
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with  the  fact  that  volcanic  agency  has  not  yet  ceased  on  the  east- 
ern continent ;  but  in  the  United  States,  no  traces  of  its  action, 
since  the  earth  assumed  its  present  state,  have  been  discovered. 
For,  if  I  mistake  not,  the  existence  of  volcanoes  in  any  region, 
indicates  less  thickness  in  the  crust  of  the  globe  than  in  other  pla- 
ces ;  since  the  melted  matter  would  be  forced  through  the  envelope 
where  it  is  thinest.  Accordingly,  the  only  experiments  that  have 
been  made  in  the  United  States  upon  internal  temperature,  indi- 
cate a  less  rapid  increase  as  we  descend  into  the  earth  here,  than 
in  Europe ;  and  consequently  a  greater  thickness  of  the  earth's 
crust  on  this  side  of  the  Atlantic. 

All  this  would  lead  to  the  conclusion  that  our  western  continent 
is  older  than  the  eastern  :  at  least  that  such  is  the  &ct  with  its  At- 
lantic border.  Beaumont,  however,  seems  to  be  of  a  diffisrent 
opinion.  '  It  appears,'  says  he,  <  from  the  description  of  Messrs. 
Vanuxem  and  Morton,  that  the  ancient  level,  traced  on  the  flanks 
of  the  Alleghnnies  by  the  tertiary  deposits  and  the  alluvia,  anterior 
to  that  of  existing  streams,  which  cover  their  base,  is  no  longer 
horizontal.  It  rises  gradually  from  New  England  to  the  Mississip- 
pi, so  that  at  the  Isle  of  Nantucket  it  plunges  beneath  the  level  of 
the  ocean ;  and  from  that  point  even  to  Greenland,  no  tertiary  de- 
posit has  been  discovered  along  the  coast.  It  follows  that  the 
American  continent  has  experienced  a  sort  of  see-saw  movement, 
(mouvement  dt  ba$cuU,)  which  has  raised  its  western  side  and 
sunk  its  eastern :  so  that  we  may  attribute  a  very  recent  origin  to 
the  Andes.'  *  I  confess  myself  rather  sceptical  in  regard  to  these 
conclusions.  But  even  if  it  be  admitted  that  the  western  side  of 
this  continent  is  of  a  comparatively  recent  origin,  it  may  still  be 
true,  that  its  eastern  side  was  elevated  at  a  very  early  period. 

Ancient  Deluges. 

If  it  be  true  that  continents  and  vast  chains  of  mountains  were 
elevated  at  different  periods,  and  by  paroxysmal  effi>rts,  it  is  im- 
possible but  that  deluges  of  tremendous  violence  and  universal  ex- 
tent, should  have  been  the  consequence.  Accordingly  we  find 
traces  of  such  deluges  in  the  vast  beds  of  conglomerates  that  ex- 
ist in  the  sedimentary  deposits ;  and  also  in  the  frequent  extinc- 
tions and  renewals  of  animal  and  vegetable  life,  which  appear  to 
have  taken  place  on  the  globe.  For  such  deluges  must  have 
been  fatal  to  organized  existence  :  at  least  to  a  great  extent.  But 
I  doubt  whether  geolog}*  is  yet  enough  advanced  to  be  able  to 
trace  particular  destructions  of  organized  beings  to  particular 
epochs  of  elevation  with  their  attendant  deluges.  In  respect  to 
the  rocks  of  Massachusetts,  I  feel  utteriy  unable  to  trace  any  such 

^     •  Recherches,  &c.  Cliap.  2.  p.  331. 
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connectioD.  Yet  our  rocks  show  the  occurrence  of  several  very 
powerful  deluges  in  earlj  times.  The  earliest  of  these,  by  which 
the  materials  of  the  Roxbury  and  Rhode  Island  conglomerates 
were  accumulated,  must  have  been  of  great  power :  and  if,  as  I 
suppose,  the  latter  conglomerate  was  deposited  much  earlier  than 
the  former,  two  such  deluges  must  have  been  required.  The  new 
red  sandstone  affords  evidence  of  numerous  deluges  during  its  de- 
position, in  the  many  alternations  of  coarse  and  fine  materials 
of  which  it  is  composed.  Two  periods  during  its  production  ap- 
pear to  have  been  particularly  distinguished  for  powerful  diluvial 
action.  In  the  first,  those  conglomerated  beds,  made  up  chiefly 
of  the  ruins  of  granite  and  associated  with  the  lower  beds  of  sand- 
stone, were  accumulated.  In  the  second,  that  very  coarse  con- 
glomerate, chiefly  composed  of  various  schists  and  connected  with 
the  higher  shales  and  sandstones,  was  brought  into  its  present  situ- 
ation. The  osseous  conglomerate  connected  with  the  plastic  clay 
indicates  diluvial  action  perhaps,  though  not  of  the  roost  violent 
kind,  during  the  deposition  of  this  formation. 

TTieory  concerning  the  Force  by  which  Systems  of  Strata  were 
elevated  at  successive  epochs. 

Although  exbting  volcanoes  often  occur  at  intervals  along  ex- 
tensive ridges  of  mountains,  yet  there  is  no  evidence  that  such 
ridges  have  been  elevated  by  these  volcanoes.  Indeed,  it  is  dif- 
ficult to  conceive  bow  a  volcanic  force  can  operate  except  in  the 
direction  of  the  radii  of  a  circle :  so  that  however  numerous  the 
fociy  they  could  not  have  produced  mountain  ridges  having  a  com- 
mon direction  through  several  degrees  of  the  earth's  surface.  Vol- 
canic power  then,  in  the  common  acceptation  of  the  term,  could 
not  have  produced  the  systems  of  elevation  that  have  been  exam- 
ined. 

If  the  theory  of  internal  heat  be  admitted,  however,  we  are  fur- 
nished with  a  power  adequate  to  the  production  of  these  sys- 
tems, as  ingeniously  suggested  by  Beaumont.  The  outer  crust  of 
the  earth,  according  to  the  doctrines  of  central  heat,  has  nearly 
reached  the  limit  of  refrigeration :  at  least,  it  must  cool  much 
slower  now  than  the  internal  parts,  if  they  are  intensely  heated : 
and  consequently,  the  internal  parts  must  shrink  more  than 
the  exterior.  Hence  the  envelope  must  from  time  to  time  become 
too  large  to  embrace  the  internal  diminished  parts,  without  suffer- 
ing a  degree  of  plication.  That  is,  in  some  places  the  crust  will 
sink  down,  and  in  other  places  be  thrown  up  into  correspondent 
ridges.  Mere  gravity,  would  produce  this  effect,  unless  the  crust 
bad  become  extremely  rigid.  And  a  little  reflection  will  satisfy 
any  one,  that  these  ridges  and  valleys  will  correspond  in  direction 
with  the  semi-circumference  of  the  globe ;  that  is,  with  a  great ' 
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circle  upon  it :      And  such  is  the  direction  which  Beaumont  sup- 
poses every  known  system  of  strata  has  taken. 

According  to  this  hypothesis,  we  see  how  it  is  that  mountains 
should  be  elevated  at  different  epochs.  For  they  result  from  the 
effort  which  the  crust  of  the  globe  is  caused  to  make,  from  time  to 
time,  to  accommodate  iuelf  to  the  continually  diminishing  size  of 
the  internal  nucleus.  Whenever  a  cavity  is  thus  produced  un- 
derneath any  portion  of  the  crust,  its  weight  will  cause  its  thickest 
or  least  rigid  portions  to  sink  down  upon  the  heated  and  it  may  be 
fluid  nucleus,  and  this  will  produce  a  lateral  pressure  suflicient  to 
elevate  adjoining  portions,  while  the  weight  of  the  depressed  por- 
tion will  force  the  fluid  matter  into  the  cavities  produced  by  the 
elevations ;  and  it  may  be,  even  cause  it  to  be  erupted  through 
the  ruptured  summits  of  the  ridges ;  thus  producing  unstratified 
rocks,  along  extensive  lines,  and  not  from  circular  craters,  as  lava 
is  now  erupted  from  volcanoes.  A  change  of  this  kind  having 
been  effected,  all  would  remain  quiet  until  the  secular  refrigera- 
tion had  produced  other  cavities ;  when  a  renewal  of  the  same 
process  would  take  place.  And  I  think  it  easy  to  conceive,  that 
a  long  series  of  such  changes  might  take  place  without  so  sensibly 
diminishing  the  magnitude  of  the  globe,  that  astronomers  should 
be  able  to  perceive  their  effects  on  the  earth's  rotatory  motion 
through  decades  of  centuries.  For  the  elevation  would  nearly 
equal  the  depression. 

From  this  view  of  the  subject,  it  would  appear  that  gravity  has 
been  the  principal  force  employed  to  elevate  systems  of  mountains. 
This,  in  consequence  of  the  diminished  size  of  the  internal  nucleus 
of  the  globe,  would  produce  a  lateral  pressure  on  both  sides  of  that 
portion  of  the  crust  which  was  depressed,  sufficient  to  elevate  ad- 
joining portions  ;  and  to  force  up  melted  matter  beneath  and  even 
through  the  ridges ;  and  thus  the  ultimate  effects  would  be  pre- 
cisely like  that  of  an  expansive  force  within  the  earth ;  except 
that  it  would  operate  along  extended  lines  and  ftot  in  circular  foci. 

I  am  aware  that  many  of  the  views  of  Beaumont,  which  I  have 
attempted  briefly  to  develope,  have  been,  and  now  are,  ably  and 
warmly  opposed  by  Boue  and  other  geologists  no  less  distinguished. 
All,  however,  agree,  I  believe,  that  different  formations,  and  con- 
sequently different  mountain  masses,  have  been  elevated  at  differ- 
ent epochs  ;  which  I  regard  as  the  fundamental  and  most  impor- 
tant principle  concerned.  Even  if  it  be  proved  that  distant  par- 
allel mountain  chains  were  notof  synchmnous  elevation,  (which  is 
the  principal  point  at  issue,)  it  cannot  materially  affect  the  value 
of  Beaumont's  researches.  He  certainly  has  the  merit  of  bringing 
together  all  that  was  known  on  this  subject  and  of  deducing  from 
thence  some  masterly  generalizations,  which  must  be  regarded  as 
forming  an  interesting  epoch  in  geology.    - 
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Conclunon. 

In  drawing  to  a  conclusion  this  protracted  Report  on  the  geolo- 
gy of  Massachusetts,  it  is  natural  to  pause  and  look  back  upon 
my  labor.  And  I  freely  acknowledge  that  its  great  deficiency  and 
imperfection  are  its  most  striking  features.  I  cannot,  indeed,  ac- 
cuse myself  of  a  want  of  diligence  and  effi)rt  to  accomplish  the 
objects  of  my  appointment.  It  is  now  a  little  more  than  three 
years  since  I  received  my  commission  ;  and  during  that  period,  in 
addition  to  the  ordinary  labors  of  my  profession,  I  have  travelled 
4550  miles  for  geological  purposes,  and  collected  for  the  Govern- 
ment and  for  the  three  Colleges  in  the  State,  nearly  5000  speci- 
mens of  rocks  and  minerals:  1550  of  which  belong  to  the  Gov- 
ernment collection.  Yet  I  cannot  but  perceive  great  imperfections 
and  deficiencies  in  my  account  of  our  rocks  :  and  I  have  become 
more  and  more  impressed  with  the  idea,  that  a  much  longer  period 
was  indispensable  to  enable  any  man  to  obtain  a  full  and  complete 
account  of  the  geology  and  mineralogy  of  nearly  8000  square 
miles  of  surface,  so  diversified  as  Massachusetts.  Indeed,  bad  I 
not,  previous  to  receiving  my  commission,  travelled  nearly  as  far, 
and  obtained  nearly  as  much  information  relative  to  our  geology, 
as  since  that  period,  my  Report  could  hardly  have  been  tolerable, 
if  it  be  so  now.  As  it  b,  I  can  regard  it  only  as  a  commence- 
ment of  the  work  of  exploring  our  rocks  and  minerals.  The 
field  yet  remains  open  for  the  admission  of  other  and  more  able 
laborers,  who,  I  doubt  not,  may  reap  many  an  abundant  harvest. 
If  my  efibrts  shall  aid  or  encourage  those  who  may  come  after  me, 
they  will  not  have  been  made  in  vain. 

I  cannot  close  without  expressing  to  your  Excellency,  how  grat- 
ifying it  has  been  to  me,  to  act  in  this  whole  business,  under  the 
direction  of  one  whose  views  have  been  so  liberal  in  regard  to  it ; 
whose  counsels  and  instructions  have  been  so  judicious  and  en- 
couraging ;  and  whose  personal  attention  and  kindness  have  laid 
me  under  very  strong  obligations. 

Nor  can  I  omit  to  mention  the  universal  disposition  which  I 
have  found  manifested  by  all  classes  of  the  citizens  of  the  Com- 
monwealth, and  in  every  part  of  it,  to  do  all  in  their  power  to 
forward  the  objects  of  my  commission.  This  is  among  the  cir- 
cumstances that  gave  so  much  interest  to  all  my  geological  tours, 
and  renders  the  retrospect  of  them  among  the  most  delightful 
recollections  of  my  life.  These  excursions,  I  am  happy  to  confess, 
have  greatly  exalted  my  opinion  of  the  kindness,  intelligence,  and 
happy  condition  of  our  population,  and  sensibly  increased  my  at- 
tachment to  my  native  State. 

Finally,  and  above  all,  I  would  not  close  without  acknowledg- 
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iDg  mjr  supreme  obligations  to  Hini}  whose  proTidential  care  and 
kindness  have  followed  me  in  all  my  wanderings,  not  permittiDg 
OFen  a  hair  of  my  head  to  be  injured ;  and  who  has  enabled  me  to 
bring  at  length  to  a  conclusion,  one  of  the  most  laborious  ente^ 
prises  of  my  days.  To  Him  I  desire  to  consecrate  the  fruits  of 
this  labor  and  of  all  the  subsequent  labors  of  life.  And  should 
they  prove  even  slightly  instrumental  in  promoting  human  knowl- 
edge and  happiness — two  grand  objects  of  the  Divine  Benevo- 
lence—I  know  that  they  will  be  accepted. 

Respectfully  submitted, 

Edward  Hitchcock. 
Amherst  College,  September  1, 1833. 
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A    CATALOGUE 

OP  tVB 

ANIMALS   AND   PLANTS 

m 
MASSACHUSETTS. 

PAttt  IV. 

To  His  ExcxLLtKclr  Lbti  Lutcoln,  Esq. 

GovEBNOB  or  MassachussttsI 

In  executing  the  part  of  my  commission  which  directed  me  to  fur- 
nish catalogues  <  of  the  native  mineralogical,  botanical  and  zoologi- 
cal productions  of  the  Commonwealth/  I  have  heen  greatly  de- 
pendant upon  the  assistance  of  several  gentlemen  distinguished  for 
their  acquaintance  with  particular  branches  of  natural  history. 
Their  names  will  be  found  prefixed  to  the  catalogues  which  they 
have  furnished.  And  I  take  this  opportunity  to  testify  to  the 
prompt  and  liberal  manner  in  which  they  have  executed  this  dif- 
ficult task.  I  ought  also  to  remark,  that  the  catalogues  which  fol- 
I0W9  being  for  the  most  part  the  first  that  have  been  attempted  in 
this  quarter  of  the  country,  cannot  be  supposed  perfect  or  com- 
plete. They  are  sufiiciently  so,  however,  to  furnish  a  great 
amount  of  new  and  valuable  information  respecting  the  organized 
beings  found  within  the  limits  of  the  State. 

In  respect  to  the  minerals  of  the  State,  I  have  found  it  more 
convenient  to  give  an  account  of  them  in  describing  the  several 
rocks  in  which  they  occur,  and  also  in  the  Tabular  View  of  the 
rocks  appended  to  the  Atlas  ;  and  I  judge  it  wholly  unnecessary  to 
repeat  the  list  in  this  place. 

Respectfully  Subnitted, 

Edward  Hitchcock. 

Amherst  College,  October!.  1833. 
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I.— MAMMAUA: 


OK  ANIlf  AL8  WHICH  fVCKLK  THEIR  TOVNO. 

In  prepariBg  the  foUowiqg  Oatalogue  of  our  mammiferoua  anr- 
mals,  I  have  been  permitted  to  make  free  use  of  notes  kindly  fur- 
nished bj  Dr.  T.  W.  Harris }  a  cendeman  so  well  known  as  an  ac- 
curate zoologist,  that  the  value  of  this  Catalogue  would  have  been 
much  enhanced,  could  he  have  been  persuaded  to  make  it  entirely 
kis  own. 

ORDER  L— CARNASSIERS. 

Tespertilio. 

pruiDOfiDS,  Say.    Hoary  BtU, 

noveboracensis,  Linnaeus.    JUd  or  New  York  Bat. 
Sorex. 

brevicaudus,  a    SkoH  tail  Skrew. 
Scalops. 

Canadensis,  Cuvier.    Mole, 
Condylura. 

cristata,  Desmarest.    SUir-wne  Mole. 

macroura,  Harlan.    T%Uk'UaUd  skNr-nase  Mole, 
Ursus. 

Americanns,  PalTas.    Black  Bear.* 
Procyon. 

lotor,  L.    Raccoon, 
Gulo. 

luscos,  L.     Wolverene,  f 
Mustek  (Putorius.) 

vu^aris,  L.     Weasel  t 

erminea,  L.    Ermine  U 

Canadensis,  L.    FHsker  Weasel.    (Dr.  Emmons) 
7martes,L.    Ping  Martin. 

yison,L.    (lutreola,  Harlan  and  Qodman.)   Mmk, 
Mephitis. 

Americana,  Desmarest.    Skvaik. 
Lutra. 

Canadensis,  Sabine.    (Brasiliensis,  Harlan  and  Godman.)    Land  Otter. 
Canis. 

(Lupus)  occidentalis,  Richardson.     Wolf. 

*  The  lonc-lflvi^  variety  Is  nuwteDinnion  on  H<K»ic  moantdn.  but  the  short-legsed  Tariety  has 
boon  killed  then  acoording  to  Or.  Etaamons. 
t  On  Hooslc  moantaln  rue— Or.  Emnona. 
rrbe  Weasel  becomos  white  In  the  winter  like  Uie  ermine,  from  which  it  Is  not  distinguished  by 

9  The  ermine  in  it*  Bommer  dress,  grraUy  rewmblea  the  weasel. 
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Canis. 

(Vulpes)  falvas,  D.    Bed-Fox, 

Virgiifianas,  Gmelin.  (cinereo-argentatus,  Say  and  Godman.)  Gray-Foz. 
Felis. 

1  concolor,  L.    Cougar ^  Panther ^  Painter  ^  CatamownL 

Canadensis,  Geoffrey.    Lynx,  or  Wild-Cat. 
Phoca. 

vitnlina,  L.    Common,  or  hair-SeeA. 

cristata,  L.    Hooded  Seal. 

ORDER  II.— RODENTIA. 
Cadtor. 

7  fiber,  L.    Beaver, 
Fiber. 

zibethecus,  L.    Musqnash, 
Arvicola. 

1  Pennsylvanica,  Ord.    Meadow-Mouse. 
Mus. 

decumanas,  Pallas.     Common  Browne  or  Norway-Rat,   Wkarf-Rat^ 
Water-RaL 

ratios,  L.    Black-Rat, 

musculus,  L.    Monae. 

%  leucopns,  Rafinesque.    (agrarios,  Godman.)    Field  Mouse. 
Gerbillus. 

(Meriones)  Canadensis,  D.    Jumping  Mouse.  Deer  Mouse. 
Arctomys. 

monax,  Gmelin.     Wooddi/uck, 
Sciurus. 

clnerens,  L.     Cal  Squirrel, 

Carolinensls,  Gmelin.    Qray  Squirrel. 

niger,  L    Black  Squirrel. 

Hadsonins,  Gmelin.    Chickaree  or  Red  Squirrel. 

(Tamias)striatiis,  Klein  (Lysteri,  Ray,  and  Richardson)  '  Striped  or 

Chround  Squirrel. 
Pteromys. 

Yolncella,  L.    Flying  Squirrel. 
Hystriz. 

piiosos,  Catesby.    (dorsataL.)    Porcupine. 
Lepus. 

Americanos,  Gmelin.    Rabbit,  or  Hare.  • 

Yirginianus,  Harlan,  (variabilis,  Godman)  Varying  Hare. 

ORDER  III.— RUMINANTIA. 

Cenrus. 

Virginianns,  Ghnelin.    Common  or  Fallow  Deer. 

ORDER  IV.— CETACEA. 

Delphintts. 

Delphis,  L.    Grampus  or  Porpus.^  ,  ^.  ..  «       ^ 

(PhoGsna)  gladiator,  LAcepede.    KiUer^  Sabre-fiwned  Dolphin,  or  Sword 
Fish. 

Balsna. 

mysticetos,  L.    Comm^m  Whale. 

Norc— It  18  doubtitil  whether  the  animals,  to  the  names  of  which  tbla  character  (?)  is  PWflxod.jJo 
nwSlatNlltWn  the llmlte of  Massachusetts :  aU  of  thcm.howeyeT.  except  Mustela  martes.  Arvlcola 
^nmlvanlca,  and  Mus  leucopus,  undoubtedly  once  had  here  a '  kical  habltaUon. ' 

•  This  animal  Is  almost  universally  called  a  RabHt,  though  It  is,  strlckly  speaking,  a  Hare,  and  nev- 
er Iranroiws  like  a  IUU»blt 

•  Not  unftcquently  but  Improperly  called  Porpns.  It  Is  the  true  IMpMm  of  the  anclenU  but  «ot  the 
Ddphin  ol  Seamen,  which  Is  the  Corphsuia  purpurea, 
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II.— BIRDS. 

BY  EBENEZER  EMMONS,  M.  D. 
Professor  of  Na^unU  JEHstory  m  WiUUms  CoUege. 
Explanations  and  Ai^reviaHons, 
H  placed  before  a  species  deaoles  that  it  is  asammer  and  winter  leside&L 

V  marks  the  rare  species. 

f  shews  that  it  is  a  regular  risitantj  and  breeds  in  this  climate, 
t  shews  that  it  is  an  occasional  visitant.. 
L. — LinnsBus.    Briss.    Brisson.    Qm.    Qmelin. 
LAth.'Latham.    111.— Illiger.    Cuv.— Cuvier.    Vicill.— VieilloU 
Temm.    Temminck.    Ranz. — Ranzani.    Latr. — ^Latreille. 
WiJs.— Wilson.    Bon.-~Boaaparte. 

BUB  CLASS  I. 

Hind  toe  articulated  on  the  same  plane  with  the  foretoes,  and  bearing  on  tke 
ground  the  whole  length,  formed  for  grasping, 

ORDER  I.— ACCIPITRES. 

AedpUres.    L.    Qm.    Lath.    Cur.    Vieill.    RapUUores^  HI.    MUpaces,  Temm. 

Latr.    Ranz. 
Falco. 

NV       folynsj  Ring4ailed  Eagle. 
i%      Washmgtonianns,  Aud.    Winter. 
II Y       lenco  cephalos,  L    Bald  Eagle. 

t         hatotos,  L.     FHsk  Hawk.    Makes  its  visits  up  the  Hooslc  in  the  .spring. 
§         sparverios,  L    Sparrow  Hawk. 
%         colambarias,  L    Pigeon  Bowk. 

V  palombarius,  L    Goshawk. 

i         velox,  Wils.    SUUe-colored  Bowk.    Common.    Arrives  March  30ih. 

V  lagopos,  L.    Roughrle^ged  Palc4m. 

II         borealis,  Qm.    RedAaiUd  Bawk.      CommcA.     Prepares  its  nest  early  ia 

Maveh. 
II         hiemalis,  Qm.    Wils.     WhUer-Falcon. 
t         Islandicos, 
t         peregrinos, 
t         atricapiUus,  Wils. 
t         fnscns,  Qm. 
t         sancti— Johannis,  Qm.    Winter. 

lateoides,  Natt. 

Harlanil 

cyanens,  Lin. 
Strix. 

iS       fonerea,  Qm.    Bawk  Owl.    Aatamn. 

HIT       Yirginiana,  Qm.    Great-homed  Owl.    Inhabits  the  mountains. 
§         otus,  L.    Long-eared  Owl. 
4         brachyottts,  Qm.    Short-eared  Owl.    Ck>mmon. 
Vtl        Acadica,  Qm.    Little  OwL  . 
t         nyctea,  Lin.    Snowy  Owl. 
II  asio,  L.    Little  Screech  OwL 

tV      cinerea,  Qm.    Great  Gray  Owl. 
U         nebulosa,  Barred  Owl. 
U         flommea,  Lin.    Bam  Owl. 

ORDER  IL— PASSERES. 

TRIBE    I SCANSORES. 

Family  Amphiboli 
CoccyzQS,  Vieill  Temm.  RaDS.  Cav. 
Cuculus,  L.  Brias.  Gm.  Lath.  III. 
§         Americanus,  Bon.     Yellow-lnUed  Cuckoo. 
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Cuculas. 

)         erythrophthalmus.    Black-biUed  Cuckoo. 

Family  Sagittilingues, 

Picus,  L.  Briss.  Gm.  Lath.  &c. 

^         anratos^L.  Golden^nged  Woodpecker,    Common. — Arrives  about  April 

10.  and  migrates  south  in  Oct. 
n  pileatus,  L.  PiUaUd  Woodpecker.- 
i         erythrocephalus,  L.    Red-headed  Woodpecker. 

t         CaroUnus,  L.    JRed-bellied  Woodpecker*  Common  near  Rochester  N.  Y. 
$         varius.  L.     YeUow-belUed  Woodpecker. 
U  villosus,  L.    Bairy  Woodpecker. 

II         pubescens,  L.    Dwrnf  Woodpecker. 

TRIBB   II. — AMBULATORES. 

FamUf  AngMlirosies^  111. 

Alcedo,  L.  Gm.  Lath. 

$         alcyon,  L.    Belted  King  Piaker. 

Family  Gregarii. 

Sturous,  L.  Briss.  Gm. 

§         Ludovicianus,  L.  Meadow  Lark,    Arrives  abut  March  13th. 
Icterus,  Briss.  Temm.  Ranz. 
§         Baltimore.  Dand.    BaUmore  Oriole. 
i         spnrius,  Bon.    Orchard  OrioU. 

%         Phoeniceus,  Dand.    Red  Winged  Starlifig.    March  30lh. 
§         pecoris,  h.    Ono  BanUng. 
f         anipennis,  Bon.    RUeBmnivikg. 
duiscalas,  YieilL 

f         versicolor,  Vieill.    PwrpiU  Orakk. 
fermginens,  Bon.    Ruiy  OrakU. 
t         baritns,  Bon.    Black  OruOe. 
Corvus.    L.  Gm.  Lath.  Cav. 
U  corone,  L.    Crow. 

corax]  Raven. 
D  cristatus,  L.    Bine  My. 

Family  Seticati. 
Bombyeilla,  Briss.  III. 
§  Carolinensis,  Briss.    Cedar  Bird. 

Family  Chelidones* 
Caprlmalgos,  L.  Briss.  Gm.  Lath. 
S  Tociferns,  Wils.     Wkip-poor-^witl. 

%  Yirginianus,  Briss.    Night-Bawk,    Arrives  March  20th. 

Cypselas,  Temm. 

§  pelaseius,  Temm.    Chimney  SuhMow, 

Hirondo,  L.  Briss.  Gm.  Lath. 
§  purpurea,  L.    Pwpie  Martin. 

f  Tufa,  Om.  Bam  Swallow.    Arrires  April  20th. 

f  fnlva,  Vieill.    Rocky  MowUain  Swallow.    Common. 

§  ripana,L.    Bank  SwaUaw. 

bicolor,  Vieill. 

Family  Canori^  111. 
Mascicapa,  Briss.  111.  L.  Gkn. 

f  tyrannus,  Briss.  TyvmlFfy-Co^cAcr.  ArriTes  bet  ween  Ist  and  13th  May. 

f  crinita,  L.     Great  crested  Flycatcher. 

f  fusca,  Gm.    PewU  Fly-caicher,    Arrives  March  20th. 

f  virens,  L.     Wood^Pewee  Fly-catcher. 

§  ruticilla,  L.    American  Fly-catcher.    Common. 

II  Cooperi,  Nutt.     OUve  Sided  Fly-catcher. 

*  TBkes  tlie  place  of  the  P.  wintiu  In  the  western  part  of  the  SUte  of  Now  York. 


Digitized  by  CjOOQ IC 


530  Animals  in  Massttchusetts. 

Icteria,  Bon. 

t  vii^idis,  Bon.     YdUnthbreaAed  OuU.    First  of  September. 

Vireo.  Vieill 

§  gilvus,  Bon.     WarUing  Vireo. 

§  flavifrons,  YelUmf-UroaUd  Fly-catcher, 

Y  Doveboracensis,  Bon.     WkUe-eyed  Flf-caUker. 
%  olivaceuSj  Red-eyed  Fty-caUker.       Common. 
Lanias,  L.  Bnss.  Gm.  Lath. 

t  septenthonalis,  Ghn.    Butcher  Bird,       Late  in  Aatumn. 

t  ezcubitoroides,  Swainson.    American  Gray  Strike.       Winter. 

Turdus,  L.  Briss.  Gm. 

t  polvglottos,  L    Mocking  Bird,       Veiy  rare  in  the  Spring. 

f  fehvoz,  Vieill.    Cat  Bird.       Arrives  between  May  1st  and  12th. 

f  miipratorius,  L.    Robin.       Arrives  March  lOlh. 

f  rums,  L.    Ferruginous  Tkrusk.. 

%  mustelinus,  Qm.     Wood4hrusk.       Arrives  Mav  1st  to  13th. 

§  minor,  Gm.    Hermit  Thrush,       Arrives  May  Ist  to  12th. 

Wilsonii,  Bon.     Tawney  Thrush,    Do.  0o. 

t  noveboracensis,  Nutt       Aatamn. 

Sylvia.    Lath.  Temm.  Ranz. 
§  anrocapilla,  Bon.    Golden  Crowned  nrush.    May  1st  to  13th. 

noveboracensis,  Lath.     Water  Thrush. 
t  coronata,  Lath.     YeUow-rump  Warlfler,  Passes  north  in  the  Spring, 

retams  in  Sep. 

virens.  Lath.    Black-throated  Green  Warbler, 
ITf         BlackDumiae,  Lath.    Blackburnian  Warbler.       Mountain. 
%  icterocephala,  Lath.     Chesnul-sided  Warbler.  Do. 

fir         castaneaL  Wib.     Bay-breasted  Warbler. 

striata,  Lath.    Black-jM  Warbler, 
ff         varia,  Lath.    Black  and  White  Creeper,       Moimtain. 
fV        tigrina.  Lath.    BlueMmUain  WartlUr. 
f  nstiva,  Lath.    Blue-eyed  Yellow  Warbler, 

f  Americana,  Lath.    Blue  Yellow-back  Warbler, 

n        Canadensis,  Lath.    Black4hroaUd  Blue  Warbler. 

V  agilis.    ConnecHcut  Warbler. 

t  autonmalis,  Aututnnal  Warbler.    Returns  from  the  North  in  Oct. 

t  petechia,  Lath.     Yellow  red-poU  Warbler. 

f  maculosa.  Lath.    Spotted  Warbler. 

t  pardalina,  Bon.    Canada  WarUer. 

t  auricoUisI   Orange-throated  Warbler, 

i  pinus.  Lath.    Pine  Warbler. 

§  trichas,  Lath.    Maryland  Yellow  Throat. 

t  trochilus.  Lath.     Yellow  TUmouu, 

§  sphagnosa  Bon. 

solitarial  Blue-winged  Yellow  Warbler, 
Certhia. 

f  familiaris,  Lin.    Brown  Creeper. 

Saxicola,  Temm.  Ranz. 

i         sialis.  Bon.    Blue  Bird.    Ar.  about  Mar.  10. 
Regulus,  Vieill. 

i         cristatus,  Vieill.     Golden  crested  Wren. 
Troglodytes. 

^         eedon,  Vieill.    House  Wren, 
i         brevirostris,  Nutt    Short  billed  Marsh  Wren. 

Family  Tenuirostres. 
Sitta,  L.  Briss.  Gm.  Lath. 

4  Carolinensis,  Briss.     White-breasted  Black-capped  Nutach. 

§        Canadensis,  L.    Red-beUied  Nutach. 
Anthus. 

spinoletta,  Bon.  Brown  or  Red  Lark. 
Alauda 

alpestris,  Lin.  Wils.    iSA^^re  Lark. 
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Family  Anthomyzi. — Ranz. 
Trochilus,  L.  Gm.  Lalh. 
§  colubris,  L.    Bummnig  Bird, 

Parus,  L. 
11  articapillus,  L.    Black-capped  Titmouse. 

Family  Passtrini. — ///. 
Emberiza,  L.  Briss.  Gm. 
t  nivalis,  L.    Snow  Bmling.    Winter, 

t  Americana,  Wils.   Black-throated  bunting. 

Tanagra,  L.  Gm.  Lath.  Cuv. 
nibra,  L.    Scarlet  Tanager. 
Fringiiia,  L.  Temm.  RaDz.  Wils. 
4         cvanea,  Wils.    b%digo  Bird.    Common. 
T  &       Fennsylvanica,  L.     White-ikroated  Sparrow. 
%         gramineiijOm.    Banf  Winged BwUing,    Common. 
i         mdodia.  WiU.    Song  Sparrow, 
U         hiemalis.    Snow  Bird,  Breeds  in  the  momitains :  common 

in  the  hedges  in  Spring  and  Autumn. 
%         passerina^  Wils.     YeUaw  Winged  Sparrow. 
t         Canadensis,  Lath.     Tree  Sparrow.    Winter. 
t  socialis,  Wils.    Chipping  Sparrow. 

i         pasilla,Wils.    FieU  Sj^Mrrow.    Common. 
$  tristis,  L     YeUaw  Bird,  or  Goldjhtch. 

i         pinus,  Wils.    Fi/nch. 
tir       linana,   Lesser  red-poll.    Winter. 
t  illiaca,    Merrem.    Fow-colored  Sparrow.       Winter. 

leacopnrys,    Temon.     White-crovm  Bunting. 

ambigoa,     Natt.    Ambiguous  Sparrow. 
§         savanna,  Wils.    Savanmh  Sparrow. 
t  savannaram,  Qm.    Savawnah  fSnck. 

i         palnstris,  Wils.    Swamp  Sorrow. 
^         maritima,  Wils.    Sea-iide  FHnch. 
%         jancomm,  Nutt.    Bush  Sparrow. 
^  erythrophthalma,  L.     Towhe  Bunting. 

%         cardinaiis,  Bon.    Cardinal  Orodfeak. 
Yi        rosea,  Bon.    Ron-breasted  Grosbeak. 

enacleator,  Wils.    Pine  Grosbeak. 

leacoptera,  Qm.     White-winged  Cross-bill. 
%  purpurea,  Gm.     Purple  Finch, 

Loxia.  Brisa.  L.  Gm.  Lath. 

carvirostra,  L.    Ameruxni  Cross-bill. 

Family  Columbini 
Columba. 

i  migrator  ia,  L.     Passenger  Pigeon. 

V         Carolinensisi  L.     Turtle  Dove. 

SUB  CLASS,  H. 
Hind  toe  articulated  higher  on  the  tarsus  than  the  fore  toes;  incapable  of 
grasping,  or  wanting. 

ORDER  IIL— GALLINiE. 

Family  Gallinacei, 
Meleagris. 

YU        gallopavo,  L.     Wild,  Turkey.  Now  become  scarce  and  neaily  extinct.* 
Perdix,  Bris.  Lath.  111. 
4  Virginiana,  Lath.    Q^ail. 

TctTao,  L.  Gm.  Lath.  111.  Cuv. 
H  umbelltts,  L.    Ru/led  Grous.       Common. 

i  cupido,  Lin.  Wils.    PUmated  Grous. 

*  Pvequently  met  with  on  M(.  Holyoke.   E.  H. 
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ORDER  IV.— GRALLiE. 

Family  Pressirosirts, 
Charadrias,  L.  Qm.  Lath.  Ill 
t  semipalmatus,  Bod.    Ring  Plover.  A  single  specimen  on  the  banks 

of  tbeUooBic. 
§  melodas,  Ord.    Ringtd  Piover. 

i  Yocifenis,  L.    KUdeer  Plover.  Appears  about  April  Mlb. 

4  planalis,  L.    Golden  Plover, 

i  nelTeticus, 

Calidris. 

t  arenaria,  111.     Sanderling  Plover, 

Strepeilaa,  111.  Temm.  Ranz. 
i  interpres,  111.     Turn-stone, 

HflBmatopua. 
Tt        ostraligos,  Lin.  Wils.  Red  Oyjter  Caidker. 

Familf  Her&dii.    III. 
Oras,  Pallas.  III.  Cuv.  Temm. 
T}        Americana,  Temm.  Hooping  Crane, 
%  Canadensis,  Brown  Crane, 

Ardea. 

i  herodias,  L.    OreaiBeron. 

6  alba,  L.    CfreatwkUe  Heron, 

§  nycticorax,  L.    Nigki  Heron.     ,  More  common  late  in  tbe  Sammer. 

ccernleajjl    BlM/e  Heron. 

minor,  Wils.    American  BiUem, 
i  virescens,  Ctreen  Heron. 

%  exilis,  LeaaBiUem, 

Recurvi  rostra. 

Americana  1  American  AvoseL 
Ibis. 

falcineUtts,  Vieill.    CHotiff  ibis. 

Family  Limieola, 
Nnmenias.  Eriss.  Lath.   111.  Cut. 

i  longirostris,  Wils.  Long-HUed  Cnrlew,  Rarely  on  the  Hoosic. 

t  Hudaonicns,  Lath.    Esquimunz  Curlew. 

boreaUs,  Lath. 
Tringa.  L.   Lath.  Qm. 
i  semi-palmata,  Wils.  Semi-paimaied  Sandfipcr. 

alpina,  L  Red-hacked  Sandfiper, 

pectoral  is,  Bon.  Pectoral  Sandpiper, 
i  pusilla,  Wils.  LiMle  Sandpiper. 

^  Schinzii,  Bon.    SckinzU^s  Sandpiper. 

rufescens,  Vieill.    Bnjf-hreasied  Sandpiper. 

minatal  Pigmy  Sandpiper, 

Wilsonii,  liutt.     Wilson's  Sandpiper, 

cinerea,  Lin.  Wils.  As^rcolored  Sandpiper, 
Himantopus.  Briss.   111.   Cuv.   Temm. 

nigricollis,  Vieill.    Lonf -legged  Avocet. 
Totanus.   Cuv.  Temm.  VieilL  Ranz. 

melanolencDS,  Vieill.  TeUAale  Oodwii. 
T         macnlarins,  Temm. 
6  semipalmatus,  Temm.    WUleL 

(  flavipes.  Yellow-shank  TaOer, 

t  chloropygius,  Vieill.    Qreen^mmp  TaUer. 

Limosa. 

t  fedoa,  Vieill.    Qreal  Warbler  OodmiL 

t  Hudsonice,  Swainson.    AmUmmah  Oodwii. 

Soolopax.   L.  Briss.   Qm.  Lath. 

Wilsonii,  Temm.    Snipe, 
t  ^risea,  Gm.  Lath.  Red-breasUd  Snipe. 

^  minor,  Gm.  Bon.  Lesser  Woodcock. 
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Ralltts,  L.  Cuy.  Vieill. 

II  Virginianiis.  L.  Virgima  Rail, 

t  Carolinns,  Bon.  Rail. 

^  Noveboracensis,  Bon.    YOlaw  BreasUd  RaiL 

Fulica. 

Americana,  Gm.    Commai^C^ti, 
Phalaropus. 
V  fmicariiisl  Bern.  Red  Phalarope. 

ORDER  v.— ANSERES. 
Family  Longipennes. 
Rhincops,  L.  Gm.  Lath. 
i  niffn^h.  Black  skimmer  or  Skear-wOer,    Visits  the  coast 

daring  Sonuner. 
Sterna. 

§  hirondo,  L.  Greal  TVm. 

*  minnta,    Lesser  TYm. 

angcUca,  Montagu.    Marsh  Tfem. 
IT  Dongalli,  Montagu.    Roseate  Tern, 

Lams. 

U  capistratus,  Tenun.  Brown  marked  OuU. 

§  atricUla,  L.  Mlmklmded  OuU, 

§  canus,  L.  Common  Chdl, 

§  ftiscas)  L.  Mm^  6hilL 

argentatoides,  Brehm.    Common  near  N.  Y. 
t  Bonapartii,  Swatnaon  and  Richardson.  Bonapariean  Chdl. 

cataractus,Lath.  Skrn  OuU, 

Family  L€mallosodentati.—JU. 
Anser. 

Canadensis,  Vieill. 

hyperboreas,  Pallas.  Snom  Oom. 

bemic]a,Ban.   TJU  Braitt 
Anas,  L.  On,  Bviaa. 
t         dypeata,  L.    SkovetUr. 
t         boschaSjL.   The  UtoUard. 
§         acuta.    Pinlailed  Duck. 

Americana.    Widgeon, 
T         sponsa.     Wood  Duck. 

oiscors.    BIme  Winged  T\al. 
t         streptera.  Lin. 
t         crecca,Bon.    American  TYal. 
Fuligula,  Bon. 

perspicillata,  Bon.    Black  or  Surf  Duek. 

vallisneria.  Stephens.    Can¥o<us-hack  Duek. 

clangula^Bon.    Golden  Eve.    Rare  on  the  Hudson. 

albeola,Bon.    Buffet-headed  Duck, 
t        spectahilis,  Bon.    King  Duck. 

Ainericaoft,aimin.andRlchard.    Amatiemi  Ssoter Duck. 
t         nigra,  Bon.    Scoter  Duck. 
t         marila,  Stephens.    Scouff  Duck  or  Blue  Bill. 
t        glacialis,  Bon.    Long-taiUd  Duck. 
Mergus,  L. 

Merganser.    Goosander. 

serrator,  Lin.    Red^easted  Merganser. 
Sula. 

bassana,  Lacep.    Gaimet. 
Podicepa,  Temm.  Vieill 

t        cristatns,  Lath.    CresUd  Ch-Oe.    Rare  on  the  Hu  dson. 
t        Carolinensis,  Lath.    Pied-kill  Dolhchick. 
66 
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Podiceps. 

t         comatttsl  Lath.    Homed  Orebe. 

minor,  Lath.    lAUU  Grebe. 
Colymbus. 

i         glacialis,  L.     Cheat  Ncrtkem  Diver  or  Zjtwn^ 
\         septentrionalis,  L.    Eed4kroaied  Dwer, 
Uria. 

t         aUe,Tem]n.    LUUeAuk. 
Mormon,  111. 
t         arcticns,  111.    Pujln. 
A]pa«  L»  Gm.  Briss. 

tonla,  L.    Razor-hiU. 
Phalacrocoraz. 
t         graculns,  Dnmont.    T%e  Shag. 


III.— REPTILIA,  OR  REPTILES. 

BY  DAVID  S.  C.  H.  SMITH,  M.  D. 
ORDER  L— CHELONIA.— BRONGNIART. 

Testudo,  L. 

scabra,  Shaw.    Common  Twrile. 
Pennsylvanica.    Box  Twrtle. 
serpentina.    StM/pping  T\irUe, 
picta,  Schcspf.    Painted  Twrtle, 
punctata,  Schospf.    Speckled  TwrOe, 
daosa,  >  On  theaothority 

inscolpta,  Leconte.      (  of  Dr.  Emmons. 

ORDER  ni.—OPHIDIA—BRONa— SERPENTS. 

Coluber. 

constrictor,  L.    Bladt  Snale, 

ordinatn&  L.    Striped  Snake, 

sipedon,  L.     Water  Snake. 

sanrita,  L.    Ribbon  Snake. 

sirtalis.  L.    Garter  Snake* 

striatulos,  L. 

pnnctattts,  L. 

eximns,  Dekay.    House  Snake. 

vemalis,  Dekay.    Green  Snake. 
Crolalus. 

dnrissns,  L.    Banded  Rattle-Snake. 

ORDER   IV.— BATRACHIA.— BRONG. 

Rana,  L. 

pipiens,  L.    Bull  Prog. 

clamata,  Dand.    Bawling  Frog. 

flavi-viridis,  Harlan.    ^^ngProg. 

sylvatica,  Le  Conte.     Wood  Prog. 

{Mdostris,  Le  Conte.    Leopard  Frog 
Hyla,  LauT. 

sqnirella  1  Dand.    Peeping  Frog  of  New  England. 

versicolor,  Le  Conte.    Common  Tree  Toad. 
Bufo. 

mnsicQs. 

and  one*  not  described. 
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Salamandra,  Brong.    Salmanders  or  Shws. 
subviolacea,  Barton, 
fiuuata,  Green, 
erithronota,  Ra£. 
cinerea,  Green, 
symetrica,  Harlan. 

tigrina,  Green.  )  On  the  authority 
l<»gicanda,  Ghreen.  )  of  Dr.  Emmons, 
picta,  Harlan. 


IV.— FISHE& 

A  Caialogue  of  ike  Marine  and  Freshwater  Fishes  of  Massachusetts. 

BY  JEROME  V.  C.  SMITH,  M.  D. 

CLASS  I.— CARTILAGINOUS  FISHES. 

ORDER  I,— CYCLOSTOMI. 

Petromjrzon. 

marinns.  Sea  Lamprey-ea. 
fluviatiljs.  Fh-esk-waUr  Lamprey^el. 

ORDER  XL— SELACHII. 

Scyllium. 

canicola.    Sea^g,  or  Dog  Shark. 

catolos.    Very  similar  in  character  and  appearance. 
Squalofl. 

canis.    Dog,-^  some  called  the  Mad  Sea  Dog, 
Carcharias. 

vulgaris.     White  Shark.  "^ 

glaacns.    BIm  Shark. 

▼nlpes.    FoQD-Skark,  or  7%rasher. 
Zygflsna. 

vnlgaris.    Eammer-Beaded  Sha/rk. 

tibnro.    IfSmty  Skii/rk. 
Selache. 

maximns.    Basking  Shark. 
Torpedo. 

▼nlgaris.    Torpedo^  or  Betmmbing  Fish. 
Raia. 

clavata.    T^ombaek. 

batis.    Skate. 
Tiygon. 

pastinaca.    Sting  Ray. 

ORDER  III.— STURIONES. 

Accipenser. 

sturio.    Stwrgeon. 

CLASS  IL— OSSEOUS  FISHES, 

ORDER  IV.— PLECTOGNATHI. 

Al  uteres. 

monoceros.    File  Fish. 
Ostracion. 

triqueter.     Tnmk  Fish. 

bicandalis. 
Tetraodoo. 

tnrgidas.     Sv^ett  Fish. 
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ORDER  V.~LOPHOBRANCHIL 
Syngnathas. 

typhle.    lAUU  Pip$  JFHsk. 

ORDER  VL— MALACOPTERYGII— ABDOMINAUS. 
Family  I. — Salmonides. 
Salmo. 

salar.    Salman, 
tratUL    Salmon  Trtml, 
fario.    Cemmtm  Tre^A. 
hueho.    Oimchen  TVonl. 
Osmenia. 

eperUnuB.    Smelt, 

Family  Il^^^lyfta. 
Clapea. 

harengtu.    Gmmmh  Berring. 
menliadea,    Ji»iA44fii. 
alosa.    Shad. 
Ternalis.    Akwift, 
minima.    Bril. 

Family  IIL-^Esoces. 
Esox. 

ladas.    IHekertl. 

beloQe.    Sea  Pike. 
Exocetus. 

mcsogaster.    Fl^  Fith, 

Family  IV, — Cjprinida. 
CyprinuB. 

anratos.    Golden  Carp. 

crysolencas.    Skiner, 

atronasuB.    Mmow, 

oblongos.    Ckub, 

teres.    Sucker. 
Abramis. 

chrysoptera.    Bream, 
Leuciacus. 

ratilna.    Jioaek. 

vulgaris.    Dace. 

albnmiis.    Bleak. 

cephalos.    Short  Ckub. 

Family  V.—Silurida. 
Silunis. 

BdmPoia. 

ORDER  VIL— MALACOPTERYQII^^UBRACHIATl. 
Family  l-^Qadiies. 


Oadus. 

—         ^  — 

morrhua.    Common  Cod. 
rupestris.    Rock  Cod. 
arenosus.    I^oal  Cod. 
meriuccias.    Bake, 
tancaad.     Tom  Cod. 
fuscus.    Prost-JUk. 
Broamas. 

Tolgarls. 
Morrhua. 

Cusk. 

nglefious. 
Merlangus. 
vulgaris, 
pollachius 

Haddock. 

WkUiTtg. 
.    Pollock. 
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Blennius. 

▼iviparus.    BUwwy, 
Raniceps. 

blenoides.    Qwier-fisk, 

Family  IL — PUuronecU^. 
Platessa. 

vulgaris.    Flounder. 

Plaise. 

Hypoglo88U8. 

vulgaris.    HolibiU, 
Solea. 

vulgaris.    Sok. 
Rhombus. 

maximos.     TVrM. 

Family  III. — DiscoMi, 
Cyclopteras. 

Imnpos.    Lumpfak. 

minutns.    SmaU  Limp  Suckfr, 
Echeneis 

remora.    Sucking  Fish. 

nancratns.    Iiutta/n  lUmora. 

ORDER  VIII.— MALACOPTERYGII— APODEB. 

Angnilla. 

vulgaris.    OmmonEel. 
Conger. 

munBiUL    Conger  Bel. 

ORDER  IX.— ACANTHOPTERYGII. 
Family  IL — Ooboides. 
Anarchicas. 

lupus.     Waf  Piak. 

Family  III, — Labroides. 
Labnis. 

tautoga.    Tantog^ 
tautoga  ftisca. 
tantoga  alia, 
coricus.    Blue  Perch. 
squeteagne.    ^ptetee. 
maculatns.    Spoiled  Squetee. 
Crenilabrus. 

merula.    Blue  Back. 

Family  IV.-^Percoides. 
ScoTpsna. 

porcus.    Yellow  Sculpin. 
scrofa. 


Magil 

albula.    WkUeMuUet. 
Mallus. 

barbatus.    BedMiiUeL 
Perca. 

flatiamis.    Rmer  Perch, 

labrax.    Striped  Basse, 
Bodianus. 

lencoe.    Silver  Perch. 
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Bodianas. 

rafns.    Red  Perch, 

pallidas.     WkiU  Perch. 

flavescens.     Yellow  Perch. 
Perca. 
UranascopuB. 

scaber. 
Trigla. 

palmipes.     Web-Jimgefed  Gurnard. 

gobio.    River  Bullhead. 

qnadricornus.    Sea  Bull. 

acorpios.    Sculpim. 

cataphractns.    Armed  Bullhead. 
Batrachus. 

^nmniens.    GrunHng  Bullhead. 
Lophius. 

piscatorius.    Angler. 

Familf  V. — Scombtroides. 
Scomber. 

grex.    CkMed  Mackerel 

▼ernalis.    Spring  Mackerel. 

crysos.    Yellow  MackereL 

plumbeus.    Horse  Mackerel. 

maculatas.    Spanish  Mackerel. 

scomber.     Common  MackereL 

thynnus.     TVimy. 
Centronotus. 

ductor.    Pilot  FHsh. 
Zeus. 

faber.    Common  Dory. 
Chrysotosus. 

luna.    Mifon  Fish. 
Xiphius. 

gladitts.    Sword  Pish. 

Family  VI. — Sqruiniipennes, 
Seserinus. 

alepidotus. 

Family  VII. — Fistularida^ 
Fistularia. 

tabacaria.     Tobacco  pipe  Pish. 


v.— TESTACEA  OR  SHELLS. 

List  of  ike  Marine  ShelU  of  Massaehusetts,  arranged  according  to 
the  System  of  Lamarck, 
BY  THOMAS  A.  GREENE,  ESO.  OF  NEW  BEDFORD. 

CLASS  IX.— ANNELIDES. 

ORDER  in.— SEDENTARIA,* 

Pectinaria. 

belgica,    Sdbellabelgica  L. 

*  It  will  be  teen  that  no  attempt  has  be^  made  to  give  in  this  Report,  a  catalosue  of  the  two  other 
orders  of  Annelides  in  Maeaichnaena.  But  few  of  these  animals  have  atlraoied  the  ittwillea  of  onr 
naturalists,  and  they  are  for  the  most  part  so  out  of  the  reach  of  oommon  observation  as  to  excite  (h« 
interest  of  no  one  but  the  MoloKist.  Dr.  Gould  has  mentioned  to  me  that  he  has  noticed  the  followiBc 
species  of  these  animals  among  us. 

HamheaacuIeata,Lamk. 

Lumbricus  terrestits,  Un.    Earth  Warm. 

HInido— six  species.    Leech. 

Gordlus  aquatlcus,  L.    Hair  Worm. 

E.  H. 
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Terebella. 

conchilega,  L. 
This  has  been  sabdirided  into  several  species,  two  of  which  have 
been  seen  on  oar  shore. 
Spirorbis. 

nautiloides.  Serpula  Spirorbis,  X.  On  Sea  weed 
Serpula. 

yermicularis. 
contortnplicata. 

CLASS  X.— CIRRHIPEDA. 

ORDER  I.— SESSILIA. 

Balanus. 

tintinnabolnm.    On  the  bottoms  of  Ships. 

OTularis.    Lepas  balanaides^  Wood^-aa  plank,  timber,  &c. 

miser.  Very  abundant  on  our  rocks. 

punctatns,  Montague.    Ijspas  pwndata,    Wood 

and  DiUwyn—^\ao  on  our  rocks, 
fistulosus. 

ORDER  II.— PEDUNCULATA, 

Anatifa. 

tevis.  Lepas  anaHfera  L,  On  the  bottoms  of  ships. 

Titrea.  Lepas  vasdouiaHs,  Found  al  Nantucket. 
Cineras. 

vittatus.  Lepas  vUtata.  On  the  bottoms  of  Ships 

CLASS  XL— CONCHIFERA. 
ORDER  L— BIMUSCULOSA. 

Teredo. 

navalis.    On  the  bottoms  of  Ships. 
Pholas. 

crispata. 
Solen. 


viridis.  Not  common  in  the  N.  England  States. 
Solecartus. 

Caribeeus.    Rare,  foimd  at  New  Bedford. 

costatus,  Say.    Common  at  Nahant  Beach. 

fragiUs.  eeniroHs,  Sof,  Found  at  New  Bedford. 
Mya. 

mercenaria,  Say.    Common  Clam. 

Anatina. 

convexa,  Turton.  Thracia  of  Blainville. 
Leana,  Conrad,  pratenuis  ?  Twrtcn.  At  Nantucket. 
Mactra. 

solida. 

gigantea,  Lam.    SoUdistma  JHUwffn, 

subtruncata. 

lateralis,  Say. 

subtriangulata.  arcUUaf  Conrad.  Figured  in  the  supplement  to 

Wood's  "Index  Testaceologicus.' 
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Mactra. 

tellmoides,  Conrad. 
Solemja. 

▼elam,  Say.    Not  uncommon  at  N.  Bedlbrd. 
Amphidesma. 

corbuloides.  ilfw  Norwegiem^  WMLrnkdlHOmim. 

MAyoJiaa,  Ciwrad. 
Corbala. 

feriwlAosa.   Myaferruginosa,  Wood,  Not  described  hf  La^ 

marcK. 

Pandora. 

trilineata,  Say.    Foond  in  Nantucket  Harbor. 
Petricola. 

pholadiformi8,Lam./(»nt{aKa,S0y.  Very  common. 
Sanguinolaria. 

fosca,  Conradv    At  NantnelDet; 
Tellina. 

polita,  Say.    Found  at  N.  Bedford. 
Lucina. 

diTarieata.    A  single  valre  foond  at  Gbatham.  AtUrU  et^umta, ; 

Ocean  shore  at  Nantucket. 
Astarte — a  distinct  apeciea,  with  margins  entire. 
Cyprina. 

Islandica.   FeaailUeduitM^ik  CoounoninEmaft 

[County. 
Venus. 

mercenaria.   Cmmumi  QtuO^jr  or  Rowi^  CUm, 

prsBparca,  Say. 

notata,Say. 
Cardium. 

Mortoni,  ConnuL  Very  common  at  New  Bedford. 

pinnulatum,  Conrad. 
Cardita. 

This  species  appears  to  be  undescribed. 
Area. 

ponderosa,  Say.     )  These  were  found  at  Smith's 

pezata,  Say.  J  point,  on  the  ocean  shore  of  Nantucket 

transversa,  Say.Not  »"*^*™"rM^  m  Bwuard's  Bav       ""'^^' 
Nttcula.  ^' 

margaritacea.    Nueula  prmmtL^  Sa^  Aru^  m^ae^m.  L. 
rostrata,  Montague.    Umabdt^Sair  '-*«^*. 

ORDER  II.— UlflMUSCtTLOSA. 
Modiola. 

papaana.    MytUm  m4fdiuA%$.,  U 
Mytilas. 
ednlis. 

pdUuddus. 
mcurratus. 
demissus.   Very  abundant  at  Nkw 
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Pecten. 

Magellanicus.    Rare  in  Ms.  Common  at  Eastport  Me. 

Islandicns.    PeaUii,  Conrad,  Rare. 

concencrictis,  Say.  Cmnmon  SeaUop, 
Ostrea. 

Virginica.    Common  OytUr, 
Anomia. 

ephippium.Abondant  in  N.Bedford. 

nndolata.  Is  it  a  distinct  species  from  the  preceding? 

CLASS  XIL— MOLLUSCA. 
ORDER  IL— GASTEROPODA. 

Chiton. 

Found  at  Nantucket.   Not   described  to  my  knowledge. 
Patella. 

alyens,    Conrad. 

amoena,  Say. 
Crepidula. 

fornicata,  Say.   Very  common  on  our  coast. 

glauca,  Say. 

plana,  Say.    Found  in  Nantucket  Harbor. 

ORDER  III.— TRACHELIPODA 

Velatina. 

rupicola,  Conrad. 
Bulla. 

soUtaria,  Say.  Is  it  a  yariety  of  B.  hydatis  t    Found  at 

Holme's  Hole. 

Natica. 

duplicata,  Say. 

heroe,  Say. 

triseriata,  Say.    Neriia  intricata  of  Wood's  Supplement. 
Melampus. 

videntatns,  Say.  Common  in  salt  marshes.At  New  Bedford. 
Lacuna. 

pertusa,  Conrad. 

Turbo. 

obligattts,  Say. 
irroratus,  Say. 
palliatus,  Say. 

Turritella. 

bismuralis,  Say. 
altemata,  Say. 

Fusas 

Islandicus.  Murtz  comeus,  Wood  amk      DiUwyn.  Fusus 

comeuSf-  jSsy. 
cinereus,  Say. 


67 
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FU8U8. 

decemco6tftt«s,  Say.    JMhi^rex  eanmaimSf  Pnmumt. 
Ranella. 

candaUL    At  Nantucket. 

Pyrula. 

canalicnlata.  ilAifvz  amaUcmUUa. 
cariea. 

Naaaa. 

obfioleta,  Say.  Buccimm  navebaracenst,  WooJPs  SitppUment, 
trivittata,  £(ay. 
lonata,  Say. 

Purpura. 

lapiUus.   BwximmlafiOm^L. 
imbricata,  Iaol. 

Buccinum. 

ludatmn,  L. 
Columbeila. 

terpsichore.  Bmccwmm  terp9iekore,Woo^s Si^ppiemenl. 

ORDER  VI.— CEPHALOPODA; 

Spirula. 

Penmii.  Ne/uiUm  ipifM&i,  L.  Found  oa  die  ocean  shtnre  of  Nantucket- 


List  of  Land  ami  Fresh  Water  SktUs  in  MaMsackuMlts^  <•  far  as 
they  have  been  ascertained,    ' 

BY  MR.  JOHN  MIWON  EARLE,  OF  WORCESTER. 
I.— BIVALVES, 

Unio. 

complaaatiMB,  Lam.   fwrpu/rmuy  Smt^ 
nasntns,  Say.    Ponds  in  Bssex  and  Ply  month  Connties. 
ochracens.  Say.    Ponds  in  Plymouth  County, 
radiatus,  Say.  Do.       and  Essex  Counties. 

Alasmodonta. 

margaritifera,  L.  areuata,  Barnes. 

marginata,  Say.    Blackstone  River. 

nndulata,  Say.       Do.       and  streams  in  Plym.  County. 

Anadonta. 

cataraeta,  Say.    Common  Oreen  Muscle. 
.fi»y. 


_         .    ay.    Blackstone  and  French  Rivers, 
lugubris,  Say.    Ponds  in  Essex  County. 

Cyclas. 

similis,  Say. 
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Cyekt. 

dahla,«  Say. 

And  two  species  net  described. 

n—UNIVALVBS. 

Paluclina. 

decisa^Qar. 
limosat  Say. 
Pbioorbis, 

trivolvis,  Say. 
bicarii^atas,  ^ay. 
annigerus,  Say. 
campaimlatus. 
parvns,  Say. 

LymnsBa. 

catascopiom,  Say. 
Iwterostropba,  $ay. 
coltunella,  Say. 
And  one  species  not  ascertained. 
VaUata. 

areniferal  J>a. 

LAND  SHBLLS. 
Helix 

albolabris.    Cammai^  WMSw^iL 
arborens,  Say. 
tridentata,  Say. 
altemata,  Say. 
glapbyra,  Ssy. 
tnyroidns,  Say. 
mmuta,  Say. 
hirsnta,  Say. 
labjrrintbica,  Say, 
perspectiva,  Say. 

fratema,  Say. and  two  other  species. 
AMPHIBIOUS. 

Succinea 

ovalis,  Say. 

campefttrisi  Say. 

and  one  species  not  ascertained. 
Pupa. 

corticarial  Say. 
Caracolla. 

one  species  not  ascertained. 


it 


TMs  does  not  agraeflzaetljr  with  my  speclmeiui  of  the  diiMa  fouad  U»  PeoAsylvapla,  Imt  I  UOnk 
"  '   iti7ditttMau>beiqp«nae4n«ii  tbat  vpecief. 


In  the  first  edition  of  this  Report,  there  followed  in  this  place  a  UM  of  skeUs 
aherved  on  ivnd  neair  the  coast  of  New  Eingiand,  by  CoL  Josepn  Q.  Totten,  contain- 
ing aboat  195  species.  Bat  the  Boston  Society  of  Natural  Htstorv  have  recently 
prepared  with  moeh  care  a  catalogne  of  all  the  shells  ascertainea  to  exist  within 
the  limits  of  Massachnsetts  up  to  the  present  time  (Oct  1834,)  and  embracing 
nearly  all  the  species  in  Col.  Totten's  Catalogne.    I  could  not  doubt,  tlierefore, 
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bm  the  intention  of  the  Cknrernment  would  be  more  perfectly  answered 
bj  sabstitntinff  the  list  prepared  hj  the  Society  for  that  of  Col.  Tocten, 
suce  both  could  not  be  inserted.  I  do  not  mean  thereby  to  intimaie  the 
inferiority  of  hisCatalogne  *,  bat  merely  that  it  is  not  so  well  aiupted  to  the  pajtk- 
alar  object  of  the  GoTernment  because  it  is  not  limited  to  Musachosetts.  The 
new  species  ascertained  by  the  Society  might  hare  been  added  to  Bir.  Qreene's 
Catalogue,  had  there  been  time  alter  their  receipt  to  have  consalted  that  gentleman 
and  the  Society  as  to  certain  supposed  synonymes,  concerning  which  I  djdnoc  feel 
competent  to  decide.  Amos  Binnev  Esq.  chairman  of  the  Society's  Committee, 
w1k>  forwarded  the  following  list,  observes  that  'it  is  fiir  from  being  complete, 
particularly  in  those  species  destitute  of  shells,  many  of  which  exi!»t  in  oar  wa- 
ters undescribed,  or  it  described,  not  known  tous.^  He  observes  also,  that '  in 
sending  tlus  list  we  do  not  intend  to  be  understood  as  guaranteeing  the  correctness 
of  the  species,  but  simply  that  the  species  so  named  by  the  authors  whose  names 
are  attached,  are  found  in  the  waters  of  our  State.' 


A  CATALOGUE  OF  SPECIES, 

Beginning  vnth  ike  third  Order  of  LamareVs  Class  Annelides^  and 
continuing  through  the  lOth,  IIM,  and  I2th  Classes. 

CLASS  IX.— ANNELIDES.    LAM. 

ORDER  IIL-^EDENTARIA. 

Pectinaria. 

Belgica,  Lam. 
Terebella. 

conchilega,  Lam. 
Spirorbis. 

nautiloides.  Lam. 
Serpula. 

vermicularis,  Lin. 

contortuplicata,  Lin. 

echinata,  Gmel. 

CLASS  X.— CIRRHIPEDA.     LAM. 
ORDER  L— SESSILIA. 
Balanas. 

tintinabulum,La  m. 
punctatus,  Brug. 
miser.  Lam. 
ovularis.  Lam. 
fistulosus,  Brug. 
geniculatus,  Conrad. 

one  or  more  other  species. 

ORDER  H— PEDUNCULATA. 
Anatifa* 

Isevis,  Lam. 

vifrea,  Lam. 

dentata,  Brug. 

sulcata,  Montague. 
Cineras. 

vittata,  Leach. 
Otion. 

Cuvieri,  Leach. 
Teredo. 

navalis,  Lin. 
Pholas. 

crispata,  Lin. 
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CLASS  XI.— CONCHIFERA.  LAM. 
ORDER  I  — BLMUSCULO  SA , 
Solen. 

easis,  Lia. 
Tihdis,  Say. 
SolecuTtus. 

Caribans,    Blain. 
maximiis, 
costatQS,    Say. 
fragilis,  Pulteney. 
Glycimeris. 

siliqna,  Lam. 
Mya. 

mercenaria,  Lin. 
Anatina. 

Leana,  Conrad, 
conyexa, 
Mactra. 

rig^antea,  LAm. 
lateralis,  Say. 
arctata,  Conrad, 
tellinoides,  Conrad. 
Solemya. 

yelnmj  Say. 
borealis,  Totten. 
Amphidesma. 

corbuloides,  Lam. 
Corbula. 

fermginosa.  Wood, 
contracta,  Say. 
Pandora. 

thlineata,  Say. 
Saxicaya. 

distorta,  Sa^. 
Petricola. 

pholadiformis,  Lam. 
dactylns,  Say. 
Sanguinolaria. 

fnsca,  Conrad. 
Tellina. 

polita,  Say. 
Lucina. 

diyaricata,  Lam. 
Astarte. 

castanea,  Say. 
Cyclaa. 

similis,  Say. 
dnbia,  Say. 
Cyprina. 

Islandica,  Lam. 
Cyiherea. 

conyexa,  Say. 
Venus. 

mercenaria.  Lin. 
pneparca,  Say. 
Venus. 

notata,  Say. 
gemma,  Totten. 
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Cardium. 

Mortoni,  Conrad. 

piimuiatam,  Con. 
Cardita. 

borealis,  Conrad. 
Area. 

ponderosa,  Say. 

pexata,  Say. 

transversa,  Say. 
Nocula. 

margaritacea,  Lam. 

rostrata,  Montague. 
Unio. 

complauatus,  Soland. 

nasutos,  Say. 

ochraceus.  Say. 

radiatns,  Lea. 
Alasmodonta. 

arcaata,  Barnes. 

marginata.  Say. 

undolata,  Say. 
Anodonta. 

cataracta,  Say. 

marffinata.  Say. 

lugubris,  Say. 

ORDER  II.— UNIMUSCULOSA. 

Modiola* 

papoana,  Lam. 

plicatala,  Lam. 

glandnla,  Totten. 
Mytilas. 

edolis,  Lin. 

nngolatns,  Humboldt. 

incuryatus,  Maton. 

pellncudus, 
Pecten. 

Magellanicus,  Lam. 

Islandicns,  Lam. 

concentricus.  Say. 
Ostrea. 

Canadensis,  Lam. 

Yirginica,  Lam. 

eduEs,  Lin.    Var. 
Anomia. 

ephlppiom,  Lin. 
Terebratula. 

an  undescribed  recent  species. 

CLASS  XII— MOLLUSCA. 
ORDER  II.— GASTEROPODA. 

Chiton. 

one  s^ies. 
Patella. 

alveus,  Conrad. 

amcena,  Say. 
Crepidula. 

fomicata.  Say. 

glanca,  Say. 
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Crepidula. 

plana,  Say. 

convexa,  Say. 
Ancylus.  ^ 

rivniaris,  Say. 
Velutina 

rapicola,  Conrad. 
Balla. 

solitaria,  Say. 
Lamax. 

one  or  more  species. 
Testacella. 

one  or  more  species. 

ORDEB  III— TRACHELIPODA. 

Helix. 

albolabris,  Say. 
thyroidns,  Say. 
altemata,  Say. 
perspectiva.  Bay. 
glaphyra,  Say. 
aroorea,  Say. 
tridentata,  Say. 
hirsuta,  Say. 
fraterna.  l^y. 
Jabyrinthica,  Say. 
minuta,  Say. 
8ttbglolx)6a,(maniisci  ipt. ) 
Pupa. 

fallax,  Say. 
corticaria,  Say. 
Soccinea. 

ovalis,  Say. 
camp<»tris,  Say. 
Auricula. 

myosoUs,  Drap. 
Planorbis. 

trivolvis,  Say. 
bicarinatns,  Say. 

armigerus,  Say. 

campannlatus,  Say. 

parvus,  Say. 

two  or  more  other  species. 
Physa. 

beterostropha,  Say. 
LymncBa. 

catascopiom,  Say. 

colmneila,  say. 

ovata,  Lam. 

two  or  more  other  speeies. 
Yalyata. 

arenifera,  Lea. 
Paludina. 

decisa,  Say. 

IJmosa,  Say. 

lapidaria,  Say. 

one  other  species. 
Natica. 

duplicata,  Say. 

heros,  Say. 

triscriata,  Say. 
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Melampus. 

bidentalis,  Say. 
Vtrmetus. 

Inmbricatis,  Lam. 
Lacuna. 

pertosa.  Conrad. 

rosea,  (manuscript.  > 
Turbo. 

oblif^atns,  Say. 

palliatas,  Say. 

vestita,  Say. 

irroratus,  Say. 

inilatus,  Totten. 

minutus,  Totten. 
Turritella. 

alternata,  Sav. 

bisutnraiis,  Say. 
Fusus. 

corneus,  Say. 

Sinereus,  Say. 
ecemcostatus,  Say. 
Pyrula. 

caniculata,  Lam. 

carica,  Lam. 
Ranella. 

caadata,  Say. 
Purpura. 

lapilios,  Lam. 

imbricata,  Lam. 
Buccinum. 

undatom,  Lin. 
Nassa. 

obfioleta,  Say. 

trivittata,  Say. 

Innata,  fiay. 

yibex,  Say. 
Coliimbella. 

avara,  Say. 

ORDER  IV.— CEPHALOPODA, 
Spirula. 

Peronii,  Lam. 
Loligo. 

illecebrosa,  Lesuear. 

pavo,  Lesuear. 

one  or  more  other  species. 

VI.— CRUSTACEA. 

BY  AUGUSTUS  A.  OOULD,  M.  D.  OP  BOSTON. 
ORDER  L— DECAPODA. 

Family  L — Brachyura. 

Portunua. 

pictus,  Say.    P,    lividus^  Leach,  Cancer  dtfuraUn^  Oliv.  Sand  Crab. 
Lupa. 

bastata,  Fab.     EdiUe  Crab. 
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Cancer. 

f^nuiQlatiis,  S.    C,  Manas,  L. 

undecimdentatus  1  F. 

Panope,  S. 
Ocypode. 

pngilator,  8.  Pidikr  Crab, 
Pinnotheres. 

ostreum,  S.    In  Oysters. 
Pilumnas. 

one  species.    Marshes,  Cambridge. 

OfftpflQB. 

pelagictts,  9.    On  set  Weed,  <Mt  stream. 
Libittia. 

canalicalaca^S.    $i^ider  Crab. 
FamUp  IL — Miurawra, 
Aatftcnt. 

liwrkHM,  F.    Camium  LobtUr, 

Bartonii,  Bose.  OrmhFUk,  #V»sl  Wakr  Ltinlet. 

Crsngtiii. 

septeinspinosits,  9.   ^fimip. 
Pal  anon. 

vulgaris,  8.    Prawn  or  Shrimp. 
Pagnms. 

JBemhardos,  Lin.  in  Baccinum  nndatumaadNatica.  > 
pollicari8,S.iaN'atiGa<adP3rr«]aAe.  >  Hermit  Crabs. 

fongicarpos,  8.  in  Nassa,  ColnmbeUa,  te^  ) 

Hippa. 

emerita  1  F.    taipaida  ?  S.  iSand  Bug, 

ORDER  IL— STOMAPODA. 
SofniUa. 

,8. 

ORDER  IIl~AMPHIPODA. 


iksciatos,  8.  <?.  Murimis?  Leaek.  >  ^^,  --^ 
minns,  &.  {  ^•■**  ^^*"*- 

Talitms. 

ORDER  IV.— LiEMODIPODA. 
Cyanraa. 

ceti,L.    male  ItMte, 

ORDER  v.— I80PODA. 
Cymothoa* 

oyalis,  8.    ^ga  emarpnata,  Leack. 

impressa,  8.    JBga  bieaHnaia^  Leaik. 
Idotsa. 

caeca,  8. 

tricnspidata  1   Leach : 

and  one  other. 
Stenoaoma. 

irrorata,  8. 
Asellus. 

communis,  8. 

and  one  more. 
Ligia. 

oceanica,  Desm.  €>niseta  oceanicus,  L, 

68 
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Oniscus. 

asellos,  L.    O.  t^is,  S,  Wood  Louse, 
Armadillo. 

▼iilgaris,  Latr.    A,mMaris,  S, 
ORDER  VI.— BRANCHIOPODA. 
BrancbipuB. 

one  or  more  speciee. 

ORDER   VII.— PCECILOPODA. 
Limulus. 

polyphemns,  L.    Hone-skoe,    King-crab. 

The  preceding  Catalo^e  of  the  Crustacea  differs  materially  from  that  in  the 
first  edition.  Besides  bemg  somewhat  enlarged,  more  extended  observations  and 
investigations  have  enabled  os  to  make  several  corrections,  and  to  offer,  with 
more  confidence  of  its  accuracy,  the  whole  list.  It  still  remains  far  fh>m  com- 
plete, especially  as  regards  the  smaller  individuals.  We  have  been  obliged  to  rely 
chiefly  on  Mr.  Say's  papers  in  the  Journal  of  the  Academy  of  Natural  Scieoces 
for  descriptions;  and  although  we  have  adopted  his  names,  we  are  not  satisfied 
that  he  has  alwa3rs  referred  his  species  to  the  right  genera,  whether  of  Leach 
or  Desmarest,  the  two  greatest  authorities  in  CmsUcealo^.  The  obiects  we 
have  examined  differ  in  general  from  his  descriptions  by  bemg  of  a  much  larger 
size.  We  have  also  added  s]monyms  in  a  few  mstances,  believing  that 
those  Crustacea,  described  by  Mr.  Say  as  new,  are  either  identical  with,  or  very 
closely  allied  to  European  species  already  described. 

All  the  species  enumerated  are  in  the  Cabinet  of  the  Boston  Society  of  Natural 
History. 


VII.— ARANEIDES.     Latr. 

THE  SPIDERS. 
BY  PROFESSOR  N.  M  HENTZ. 
The  following  catalogue  embraces  a  wider,  field  than  Massachusetts. 
The  species,  indeed,  have  been  obtained  from  various  parts  of  the  United  States. 
This  arose  from  a  misapprehension  on  the  part  of  Professor  Hentz  of  the  precise 
object  I  had  in  view.  Yet  I  did  not  think  it  important  enough  to  request  him  to 
alter  the  list.  The  interesting  notes  which  accompanied  this  catalogue,  being  too 
extended  for  this  place,  were  forwarded  to  the  editor  of  the  American  Journal  of 
Science,  and  published  in  the  31st  volume  of  that  work.  The  whole  paper  forms, 
indeed,  a  valuable  monagraph  of  the  Spiders  of  the  United  States. 

Oletera. 

Carolinensis. 

nigra. 
Filistata  ? 

hibernalis. 
Dysdera. 

teterrima. 
Segestria  % 

pumila. 
Herpyllus- 

ecclesiasticus. 

ater. 

cruciger. 

omatos. 

bilineatus. 

bicolor. 

descriptus. 

variegatus. 


Digitized  by  VjOOQIC 


Spiders.  551 


Clubiona. 

tnmqailia. 

gracilis, 

pallens. 

celer. 

obesa. 

inclusa. 
Tegeneria. 

pojuctata. 

medicinalis,  Hentz.   (Journ. 
Acad.  Nat.  Sciences.  II,  53,) 
Agelena« 

naevia  1    Bosc. 

plumbea. 
Thendium. 

rerecondura. 

linoatam. 
Theridium. 

Tolgare. 

boreede. 

and  another  species. 
Phoicus. 

Atlanticus. 
Lyniphia. 

commnnis. 

pmnila. 

automnalis. 

coccinea. 

and  one  doubtful  species. 
Tetragnatha. 

iaboriosa. 

ferox. 
Epeira,  L. 

riparia. 

Latreillana. 

obesa. 

Pennsylvanica. 

vulgaris. 

trefoUunL 

infumata. 

septima. 


hortorum. 

pratensis. 

cancer. 

candata. 

militarist 

verrucosa. 

alba. 

ru^[osa 

sfpinea. 

labyrinthea. 

and  seven  species  not  named. 
Mimetus. 

s^Uepsicus. 
Thomiaas. 

fartus. 

pifer. 

celer. 

vulgaris. 

parvulus. 

Carolinensis. 

ferox. 

and  another  species. 
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Spbasus. 

nitidans. 

aalticas. 

acalans. 
Dolomedes. 

tenebrosus. 

te&ax. 

sexpunctatus. 

lanceolatus. 

and  two  more  species. 
Lycosa.* 

tarantula  CarolinensisT 
Lycosa. 

lenta. 

panra. 

ocreata. 

littoralis. 

punctolata. 

latifera. 

maritima. 

and  three  other  species. 
Attus. 

familiaris. 

snperciliosos. 

insolens. 

rams. 

viridis. 

parvus. 

niger. 

castaneos. 

coccineus. 

elegans. 

sexponctatus. 

triponctatos. 

mmtaris. 

yittatns. 

grandis. 

cyan  ens. 

andax. 

rofns. 

Nattallii. 

sylvan  us. 

auratus. 

and  eight  more  species. 

Epiblemum. 

faustun. 

palmamm. 
Synemosyiia. 

formica. 

and  two  more  species. 
The  number  of  136  species  will  appear  very  large,  bot  I  coold  have  swelled 
the  list  lo  150.  Spiders  differ  from  trae  insects,  or  at  least  wnged  insects.  ||^  their 
growing.  They  come  oat  from  their  eggs  ve^  minnte,  and  continue  tQ increase 
m  size,  probably  for  several  years  in  many  species ;  whereas,  with  few  exceptions^ 
insects  come  oat  of  their  pufa  state^  at  once,  with  the  size,  which  is  peetuiar  to 
them.  The  Araneides,  in  their  different  ages,  present  differeneaa  or  eolor  and 
marking.  The  seasons  i\^  produce  a  change  m  the  colors  of  some  spidcffs; 
and,  I  am  nearly  convinced  tnat  the  first  frosts  produce  a  total  chMym  in  the 
dress  of  several  described  Epeera,  which  may  be  refered  to  one  name.  fWse  are 
the  consideraticms  which  have  induced  me  to  be  very  cautious  in  adu^^K  new 
species,  and  comparing  many  specimens  in  different  seasons,  wheft  poaiil^,  be. 
lore  I  described  tnem. 

*  The  ftMOiMTurjuitttla  of  the  Smith  of  Europe,  the  blta  of  which,  for  many  s 
produce  a  disease  that  music  alone  could  euro,  beloocs  to  this  genus :  ao4 1  f 
a  species  (Lycosa  Miftira,  of  my  catakxue)  which  Is  piobiAly  ve^^' 
fpecles,  andVhlchdweUs  in  boles.  nSuOr  a  foot  deep.  ^     ■ 
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VIIL— INSECTa 

BY  THADDEUS  WILLIAM  HARRIS,  M.  D. 
I.— COLEOPTERA. 

CICINnLXADJL 

Ciciodela. 

generosa,  Dejean. 

vulgaris,  Say. 

patraela,  D. 

porparea,  Olivier,    marginalis,  Fabricius. 

sexgnttata,  F. 

rugifronSjD.  C.mucolor,D.  is  merely  a  variety. 

marginatflu  F.   vaiiegata,  D. 

dor»lis,  0. 

hirticollis,  S.    albohirta,  D. 

repanda,  D.    hirticoUis,  var.  S. 

dnodecimguttata,  D.    hirticollis,  var.  S. 

haemorrhoidalis,  Hentz. 

pnactolata,  O. 

CARABIBJC 

Casnonia,  Latreille. 

Pennsylvanica,  L 
Galerita,  F. 

Americana,  L, 
Brachinus,  Weber. 

libratorl  D. 

fomanSjL 

formosos. 

perplexosl  D. 

cordicollis^  D. 

cyanipemus,  S. 

medios,  Harris. 

minatns,  H. 
Helluo,  Bonelli. 

I>r8rastas,D. 
Plochionus,  D. 

Bonfilsil?  D. 
Cymindis,  Latr. 

pilosns.  S. 

platicoIliB,  S. 

comma. 

fflabratns. 

Diplagiatas. 
Dromius?  Bon. 

sabsalcatas  1  D. 
Caileida,  D. 

amaragdina,  D. 
Lebia,  Latr. 

grandis,  Hentz.  ^ 

tricolor.  S. 

borea,  Hentz. 

atriventris^. 

polchella,  U. 

vittata,  F. 

solea,  Hentz. 

omatBLfS. 

decora,  S. 

viridis,  S. 
Scarites,  F. 

subterranens,  F. 
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Clivina,  Latr. 

lineolata,  S. 

giobolosa,  S. 
Cychrus,  F. 

Tidaus,  D. 
Cychrus  (Sphaeroderus,  D.) 

stesostomusj  Weber. 
Cychrus  (Scaphinotus,  D.) 

elevatus,  r. 
Carabus,  L. 

vinctus,  Weber,    interruptiis,  S. 

S^lVOSQS,  S. 

hmbatus,  S. 

serratns,  S. 
Calosoma,  Weber. 

scrutator,  F. 

calidom,  F. 

obsoletum,  S. 
Nebria,  Latr. 

palUpes,  S. 
OmophroD,  Latr. 

labiatam,  F. 
Elaphrus,  F. 

foliginosas,  S. 

mscarius,  S.    formerly  riparius,  S. 
Nothiophilus,  Dumeril. 

semistriatus,  B. 

porrectus,  S. 
Oodes,  Bon. 

Americanus,D. 

amaroides,  D. 
Chlsnius,  Bon. 

prasious,  D. 

rofipes,  D. 

sericeus,  Forster. 

tomeatosus,  8. 

nemoralls,  S.  * 

Edbescens,  H. 
thophllas,  S. 

distaas.  nieer. 

purpturicolfis. 

emarginatus,  S. 
Rembus,  Latr. 

impressicollis  1  D. 
Dlcselus,  Bon. 

dilatatas,S. 

eloDgatas,  Bon.    furvos.  D. 

politos,  D.  Leonardii,  H. 
PanagflBus,  Latr. 


Patrobus,  Me^erle. 

longicomis,  S.    Americanus,  D. 
Calathus,  Bon. 

.     gregarius,  S.    piccus,  H. 
Pnstodactjrla,  D. 

Americana,  D. 
Platynus,  Bon. 

pasillos. 
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Anchomenus,  Bon. 

extensicoliis,  S. 

decorus,  S. 

placidus.    elongatus. 

maculifroDs,  S. 
Agon  am.  Bon. 

octo{>nctatain,  F. 

cupripennc,  S. 

morosum,  D. 

scutellare,  S. 

nitiduluin  1  D.   quadrinotatam. 

melanariam,  D.    collare  1  S. 

lenum,  D.  * 

obsoletum,  S.    luctuosam,  D. 

bimarginatum. 

foTeolatum. 
Feronia,  Latr.  (PoBcilus,  Bon.) 

chalcitea,  S. 

lacublaiida,S. 

fraternal  S. 
Feronia,    (Argutor,  Megerle.) 

er^thropos,  D. 

diligens.    nitidas. 
Feronia  (Omaseus,  Ziegler.) 

stygica,  S.   bisigillata,  H. 

subpTinctata,  H.    corvina,  D. 

polita,  H.  morosal  D.  mutal  S. 

caudicalis,  S. 

hamata,  H.    luctaosa  1  D. 
Feronia  (Pterostichus.Bon.) 

adoza,  S. 

hnmida,  S. 
Myaa,  Ziegler. 

cyanescens,  D.    coracinus?  S. 
Amara,  Bon.     (Leirus,  Megerle.) 

exarata,  D. 

confiDls,  D. 
Amara  (proper.) 

obesa,  S. 

impnnctata,  S. 

impnncticollis,  S. 

an^ostatal  S. 

basiUaris  1  S. 

planicosta. 

pusiUa. 

undulata. 
Daptas,  Fischer. 

incrassatas,  D. 
Agonoderus,  D. 

lineola,  F. 

pa]lipes,  F. 
Harpalus,  Latr.     (Pangus,  Ziegler.) 

caliginosQs,  F. 
Harpalus  (Anisodactylus,  D.) 

a^ricolas,  S. 

discoideu-s,  D. 

BaitimoriensiR,  S. 

rusticus,  S. 

merula,  D. 
Harpalus  (Ophonus,  Ziegler) 

sericeus,  R    femoratus.  D. 
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Harpalus  (proper ) 

erratlcus,  S. 

viridis,  8. 

bicolor,  F. 

faoniis,  8. 

herbiTagns,  8. 

^Ntdiceas,  D. 

vutpecolus,  8.    nigTipennis,  D. 

terminatus,  8. 

menila. 

paliidas. 

interstitialit,  8.    obBCoripeimis,  D. 

hyiaeis,  8. 
Btenolophos,  Megerle. 

fnliginosiis,  D. 
Acapalpus,  Latr. 

cinctnsj  8.    elongatnlos,  D. 

partianiu,  8.    paQperculus  1  D. 

conjonctus,  8.    misellas,  D. 
Bembidium,  Latr. 

tetracolum,  8. 

oppositum,  8. 

contractam,  8. 

cognatom,  D. 

▼ariegamm,  8. 

flaricaudum,  8. 

deloDL 

inomatum,  8. 

OTTICIDJB. 

Dyticaa,  Oeoffroy. 

▼erticalis,  8. 

CaroUnitt. 

fiudveatris,  8L 
Dyticus  (Aciliua,  Leach.) 

fratemas,  H. 

mediatos,  8. 

basiUaris.  U. 
Dyticas  (Hydaticus,  Leach.) 

faaciauoolUs,  H. 

liberus  8. 

apicialis. 
Colymbetes,  Clairyille. 

scalpdlis,  H. 

fimbriolatns. 

binotatns,  H. 

satarellus,  H. 

feDe8tralis,8. 

bicarinatiu,  8. 

erytroptems,  8.    discolor,  H. 

seriatas,  8. 

obtnsatnsl  8. 

taeniolatas.  H. 

venostus,  8. 

aeadoctos,  H. 
Laccophilos,  Leach. 

macakMHLS. 
Hydroporus,  CJlairville. 

aiger,  8. 

catascopiom,  8. 
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Hydroponit,  Claimlie. 

ftseiatns,  H.  oppositusl  8. 

rectos. 

aflini8,8. 
Hyphydf  118,  Latr. 

poBctatiis,  H. 


HuHpIuB,  Latr. 

doodecimpimctatiis.  8: 
uninaeulaticollis,  H. 

OTBIHIAPJB. 

Oyriaus,  L. 

emaninatiis,  a 
Amencanns,  L* 
labratua. 
limbatiu,  8. 
analiSiS. 
aretns. 

STArHTLlNUBC. 

Ozyporus,  F. 

emaiginatiis. 

femoralis,  Qrayenliorst. 
Staphylinits,  L. 

▼iUosoSjQ. 

inmacnlatttB. 

maciilonis,  Q. 

ci]igiilatii8,Q. 

fossator,  Cf. 

prvkogiis.    ater  1  O. 

cinnamoptenis,  O. 

cyanipeimis,  F. 


▼iolaceasJQ. 

anthrax,  Q. 

bratilts. 

tfitenoiictatas. 

tepidus. 
XftDtholmoB,  Dahl. 

ceDhalos,  8. 
Lathrobium,  Q, 

cmctani  ?  8. 

roiuadicolle. 
Pftderas,  F. 

Uttorarius,  Q. 

diacopaiietatos,  8. 
Rugilns,  Leach. 

dentatiis,  8. 

coDflnentiis,  8. 
Stenas,  Latr. 

raidiiatiis,  a 

femoratas  ?  8. 
Omaliiini,  G. 

rptundicoUe,  8. 
Aleochara,  Q. 

lata,0. 

irerna,  8. 
Tachinus,  O. 

fimbriatus,  O. 

menmoaias,  O. 
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Tftchinuf,  O. 

cincticollu,  8. 
ob0detQ8,8. 
Tachypoms,  G. 
diflcoidaUs. 
fomipennis,  8. 
nnicolor. 

jOCOSUSyS. 

PIBLAPHIPJB. 

Pselaphns,  Herbst 
carioAtas,  8. 
comigatiis. 

BVPRBflTlADA. 

Buprestis  L. 

Qeranii,  H.    tobulus  7  F. 

Viiginica,  Dnuy. 

striita,F. 

macohyentris,  8. 

longipes,  8; 

diTaneata,8, 

tnbercalata. 

svlvatica.   nnhiU. 

obsevra?  F. 

laiida?  F. 

ft8ciata,0« 

eoronauu 

lineata^F. 

plagiata. 

ftdTognttata,  H. 

characterisilca,  H.    dentipes  7  Gkrmar. 

femorata,F. 

lastigiata. 

strangnlaUL* 

8exgnttata,a 

Harrisii,  Hentz. 

co^tans,  Weber,   ignara?  F.    imraba?  F. 

▼indiconiis,8. 
Bupestris  (Agriiuf,  Megerle.) 

ignara?  F.    pagaaica. 

polita,  SL 

nificdli8  7F.   gemimua?  8. 

oUo6a,8. 
Trachys,  F. 

tessellata.  F. 

ovata,  Weber. 
Tracbys  (Melonios,  Say.) 

Uevi^^ata,  8.    Ogatas,  8. 
Aphanisticua,  Latr. 

gracilis,  8. 
Melasia,  Oliyier. 

semivittatiu. 

BLATiBRlADA. 

EucnemiB,  Ahrens. 

longolns.    amcBnicomis. 

clypeatas.    Elater  clypeatus?  8. 
Elater,  L    (Tapheicerus.) 

obtectus. 

foveolatns.    opercalatns. 

auroratus. 

pennatus,  F. 
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Elater  (proper.) 
ocolatus,  L. 
myope,  F. 
disc^ceatns. 
longicornis. 
breyicornis,  S. 
abraptQs,  8. 
attenoatns,  S. 
carbonarins. 
aaricalatas. 

elongatns  7  Palisot  de  Beaavois.  pyrros  7  Herbst. 
bilobatos. 
cacuUatas,  S. 
canalicalatas. 
silacens,  S. 
ve^rtmns,  F. 
▼indanii8,S. 
in^oinatas. 
spiracQlatas. 
cylindriformis,  S. 
plebejos,  S. 
agomu. 
mancoB.  B. 
appresBifiroiis,4ft 
decoloratas, 
xanthopus. 
scapolaria, 
apicatns. 
qnerciniis,  S, 
craciatns,  L. 
hieroglypniciis. 
lognbns  1  PaL  de  Beauvois. 
discoidciis,  F. 


oblessos,  S. 

contemptus.    erytropus. 

metallicos. 

glaber. 

coUaris,  S. 

▼emaljs,  Hentz. 

inflatns,  8. 

convexmiu. 

pnmiluB.    obesQS?  vai.  8. 

plagicollis* 

sangoimpennis,  8. 

dorsalis,  8. 

dilecmSjS. 

stigma,  Herbst. 

cardiace; 

bigeminatiis. 

Fiectoralis. 

silaceipes.    abbreyiatus  ?  var.  8. 

atriyentris; 
Elater  (Campylua,  Fischer.) 

sei^tentnonalis. 

exignus. 
Elater  (Nothora.) 

cinerens,  Weber. 

corticinuB,  8.    dispar  7  Herbst. 

commimis,  8.  chdnberr.  8. 

bicolor. 

pertinaz. 

tenax. 
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Elaltr  (Ua8omiiaJDdiiiaii.I)rapetea,  Megwie.) 
Aaericaaw.   rafaouuw. 

CBBBlOiriADJI. 

Anelaaletf  Kirby. 

Pbyiodftctyliia?  Fucbtr. 

rifttloidOT. 
SanddntT  Kaoch. 
_    ^  liiiMtopwictanu. 
PtylodM^  Illiger. 

<li*o^idft,8.  (Cyplioii.) 
DMciUairGtf.      ^    ^ 

twoipacies. 
Elod«t,  Litr. 

oymlu,8. 

Bcinei,  Lttr* 

tibialis. 
orbicuUuiis,  F. 

LAlirTBlDlBC, 

Lycua,  P. 

*^*nithii 

letiailatasyF. 

teminalis,  a  %  > 

peiftoetii8,S.   marglnellnsl  F. 
Qnuuisua,  GeoflSroy. 

coednams. 

hnmeralis?  F.   scapnlaris. 

ci'auitQsl  GanaaxT 

qaadricoUtB. 

maigineUnB. 
Phengodea,  Hoffmanaeffff. 

plnmoaa,  O.  ' 

Lampyna^L. 

▼enico]or,F. 

ce&tntta,S. 

angiriatm,  8. 

3ctiitillaiuL8. 

corni8ca,Li 

Uuiccniis,  F. 

deciinens.   Bigricaas?  8. 
TelephoTua,  Schsibr. 

Can4iBa,F? 

basillaris,  8. 

diadeiiia,F. 

biiinefttin,  8. 

raftpe8,8. 

8Citala,8, 

trioostatus. 

conatrictos. 

Unicornis,  8. 

laerymom. 


aoruB  (QhauliognaUiiui,  HenU.) 
mar^iAatns,  F.  ' 
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MKLYRIOIPJB. 

Maltchius,  F. 

Tittmtus,  8. 

qoadrimaciilaiiis,  F. 

tricolor,  S. 

circumscriptnsl  8. 
Da8yt(»,  PftvkulL 

tenninalis.    Malachinsterminalis?  8. 
.  PTIlllOJB. 

Ptinus,  L. 

PtiliniiB,  GeoflVoy. 

nifioonuB,  8. 
Dorcatoroa,  Herbst. 

ooqUulS. 
Xyleiintts,  Latr. 

thoracicuB. 

sericeiis,  8. 


AboI 

gibbosnm,  8. 

tesseUaivml  F. 

cariiuuiim,  8. 

moUelF. 

pertinaxi  F. 

notatmn.  8.  ^ 

temiestnataiii,  8. 

bistriatnin,  8. 

paniceam,  F. 

LVMKXVLIDA. 

Cupea,  F. 

▼ariegata. 
clq[>itau^F. 

TILLIAOJI. 

Eaopliam,  Latr. 

piloanm,  Forster. 
omistiim,8. 

CLBEiaOJB. 

Thanasimus,  Latr. 
dubias,  F. 
nadnlatas. 
ni^iifirons,  8. 
mufiociatas  1  8,    aaalis. 
thoracicas,  O. 

cocciaeas.   Not  strictly  a  Thaaasimas. 
ocalatna.  ^, 

dislocatnsl  8.  (fiioj^iaBL)  NotstricUyThaaasimas 

Pi"iP^-5-i  Allied  species,  aot  stricUy 

Clema.  Oeoffroy. 

Nattalii,  Kirby. 
Necrobia,  Latr. 

▼iolacea,L. 

raiicollis,F. 

niilpes,F. 
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aiSTSEIA0«. 

Hiater*  Li. 

arcoatos,  8. 

cadaTerinos,  Pay  kail,     inter  ruptos  7  Pal.    de  BeaUTois. 

merdarins,  F. 

imkiolorl  L.    anhelus. 

abbreviatas,  F. 

demisiriatas. 

sedecimstriatus,  S. 

fratemns,  8. 

dimidiatas  %  P. 

dimidiatipennis. 

postjnntcQs. 

Pennsylvanicus,  P. 

pygnueos,  Pal.  de  Beaurois. 

repletos. 

daodecimlineatqg.    policarius. 

indistinctiu  1  8. 

asaimlis,  P.    mancosl  8. 

pnnctnlatus.  8. 

elonjnuus,  O. 
Hister  (Platysoraa,  LeacL) 

deplanata,  Gyllenhal.    sordidal  S. 
Hister  (HololepCa,  PaykuU.) 

tridentata. 

■ILraiA0£. 

Necrophoru^,  F. 

Americaaiu,  O.    grandis.  F. 

orbicoUis,  8. 

marginatiu,  F. 

mediatm,  F. 

tome&tosas,  Weber,  velutiims,  F. 

mortaoranLF. 
Necrodea,  Loach. 

Sorinamensis,  F. 
Si]pba,  L. 

Americana,  L.   ~ 

marginalia,  F. 

ineoaalia,F. 

candata,  8. 

NITIDVLADJB. 

Peltia?  F. 

aolcata. 
Thymalaa,  Latr. 

marginatas. 
Nitidula,F. 

po6sa,P.* 

bipoatnlata.  L. 

undnlata,  s. 

▼ariegata,0.    colon  1  L. 

aezmacnlata,  8. 

menu 

adnata. 

geminata,S. 

octomaculata,  8. 
Cercua,  Latr. 

nnicolor,  8. 

▼iridans. 

opacua. 
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Ips,P. 

obtusa. 

fasciata,0. 

dilecta. 

immacfilata. 

sanguinolenta,  O. 

transversa. 

pallitaraa. 

octomacnlata. 

anripilis.    Not  strictly  an  Ips. 
Docne,  Latr. 

ftsciata,  F. 
Bytums,  Latr. 

unicolor,  S. 
Cryptophagoa,  Herbst 

celiaris,  O. 
Scaphidium,  O. 

qaadripnstnlatum,  S. 

unicolor. 

BBnMBSTIADiB. 

Dermestea,  L: 

vnlpinos,  F. 

laraarins,  L. 

marmoratn&S. 

variegatns,  8. 
Megatoma,  Herbst 

peUio,L.  ^  _ 

maceAarios,  F.  and  (Dermestes)  megatoma,  F. 

omata,  S. 

BTKRHIABJB. 

ADthrenns,  OeofiToy: 

mnseorunl  L.   Tarinsl  F.    triftsciatns. 

niger. 
Byrrhus,  L. 

Americanns. 

altematos,  S. 

obscums. 

PARNIAPJE. 

.    Heterocerus,  F. 

macnlatns. 
Dryops,  O. 

fastigiatns,S. 
Elmis,  Latr. 

Peckii. 
Machonychus,  MuUer. 

glabratas,  S. 

HTDROPHILI0J3. 

Hydrophilas,  L' 
triangularis,  8. 
oA>tosat^  8. 
glaber,  B.eTbst. 
nimbatns,  8. 
globosns,  8. 
ovalis. 
rotQndixs,8. 
cinctns,  S. 

striatus,  8.    nndatusl  F:    peregrinaslHcrbst. 
nebnlosns,  8. 
sabcnpreos,  8. 
fuscns. 
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Elophorot,  F. 

lineatas,  8. 

ftlternatns. 
Hydrochus,  Qerroar. 

one  species. 
Hydrobius  f  Leach. 

obsoletus. 
SpercheuB?  F. 

one  species. 

arRXBiDiiDi:. 
SphaBridium,  F. 

occallmtum,  S. 

rofom. 

nigricoUe,  9. 

indistinctnm. 

SCABAIJBIADM. 

Attachus,  Weber. 

10718,  Dniry.    TolveDs,  F. 

nimcorais,  8. 
Onitb,  F. 

sulcttos,  Dniry.    Nicanor,  F. 
Onthophagttt,  Latr. 

Hecate,  Panaer.    latebrasas,  P. 

albicorais  1  PaL  de  Beanv.  striatvlasi  Pal.  de  Beaar. 

sabmens,  PaL  de  Beaavois.    ovatasl  L. 

bidentatos. 
PhansBua,  Macleay. 

caniifeXiL. 
Copria,  Geooroy. 

anaglypticus,  8. 

mia«titt|  Drnry.    Ammon,  F. 
Aphodiua,  Illiffer. 

oblongns,  8. 

obliqnatns. 

femonlisl  8.    fimosus. 

vittatns,  8. 

bicolor,  8. 

strigattts,  &, 

tenninalis.  8. 

rubeolas,  Pal.  de  Beaavois. 
Geotrupea,  Latr. 

ezaratos.   splendidasi  F. 

dilatatoa.    Blackbumil  F. 

ezcrementi,  8. 

caprens. 

spleadidosl  F.  Blackbailii7Pal.  deBeauYois. 
CMlontatts,  Ziegler. 

Laxara8,R 

ftlicomis,  8. 
Trox,  F. 

porcatas,  8. 

capillarisl  8:    canaliculatas  7  8.    echiaatas. 

sermlatos/PaLdeBeanv.hispidas.  variolatas. 

terrestris,  8. 
Scarabieus,  L:  Latr. 

Jamaicensis,  Dniry.  Satrms,  F. 

MaimoDi  F.  Ant«as  7  Drury. 
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Scarabsus,  L.  Lstr. 

relictus,  S. 

geminatas?  F.  logobris?  Schdnherr.  novMor. 

tridentatiUL  S. 

gU)bo8ii8,  De  Gteer. 

▼eapertinm. 
Rutela,  Latr.  (Pelidnota,  Macleay.) 

panctata,  jL 

fanigera,  L. 
Melolontfia  F.  (Anomala,  Megerle.) 

arboricola,  P. 

Inciola,  F.  caeleba  The  atrata,  F.  isa  rariety; 
Melolontha  (proper.) 

occidentalis,  L.  Yaholosa,  l^ei^i: 
MeloloDtha  (Rhisotrogus,  LatM 

ClaerciiULKnoch.  fenrens?  G^Uenhal 

porcina,  Hentz. 

ueorgicana  Gyllenluil. 

Mrdcala,  Kjioca. 

hirsnta,  Knoch. 

balia,  S. 

fratema 

pilosicollis,  Knoch. 

tongitana,  S. ) 

masta,  S.      J  not  ftricUj  itImMf  W- 

sordida,  8.     ) 
Melolontba  (Serica,  Macleay.) 

Tespertina,  QyllenhaL 

sericea,  S.  sericea  7  lUiger. 

iricolor,  8. 

njgricomis. 
MeloloDtha(DicheloDyx.) 

hezagona,  Germar. 

linearis,  Oyllenhal.  elongatala?  F. 
MeIolontha(Macrodactyla,  utr.) 

sabspinosa,  F. 
Hoplia,  llliger. 

trifasciata,  8. 

d>longa.  maura. 
Amphicoma,  Latr. 

▼ulpina,  Hentz. 
Trichius,  F. 

eremicola,  Knoch. 

scaber,  Palde  Beauv. 

dispar. 

macalosns,  Knoch. 

Piger,  P. 

laniilatus,  F. 
Cremastocheilus,  Knoch. 

Hentzii,  H.  thecanaliculatns,  Kirby  isa  variety. 

HarrisiL  Kirby.  Castanes  7  H. 

Sayii,  H. 
Cetonia,  F. 

fulgida,  P. 

lada,  L.  barbata,  8: 
Cetonia  (Gymnetia,  Macleay.) 

nitida,  L. 
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LVCAVIADX. 

Lucanus,  L. 

Gapreolus,  L.  Dama,  F. 

latifroDs. 

parallelus,  S.  Voeti?  Schdnherr. 
Pktycerus,  latr. 

piceos,  Weher. 

secaridens,  S. 
PanaluB,  F. 

eornutns,  F 

BLAPTIADA 

Scotinus?  Kirby.  (Bolitobius.) 
ineqaalis.  montanas. 

Dendartis,  Megerle  (Heliopbilus  1  D.) 
ronilentos.  Pedinus  sntnralu  7  & 
interniptas.  8.  Opatrum  inteimptum,  8. 
TBNSBRIONUPiB. 

Upis,  F. 

TariolosQs?  Pal.  de  BeauT.  lugomis. 

claripes. 

Pensylvanicns,  De  Geer.  Iatis,  O. 

reticnlatus,  8. 

■aperdoidesi  O.  (Helops  apinipes,  F.  Tenebrio 
anthndnas,  Knoek.) 

riifipes,  8. 

femorata,  F,  folyipes,  Herbal. 
Tenebrio,  L: 

granarins.  moUtor?  L.  var. 

ponctnlatiu. 

badius,  8. 

reflexus,  8. 

diapbriadjb: 
Uloroa,  D. 

fodiens.  ochracea. 
Hypophlsus,  F. 

pusillus. 
Pbaleria,  Latr. 

testacea,  8. 

mimus.  Not  strictly  a  Pbaleria. 
Diaperia,  Geoflroy. 

macnlata,  O.  Hydni,  F. 

orbiculata.  nigra, 

erjrtbrocera. 

ilavipei?  F.  labrosa. 

bieomis?  F.  iriridipennis  7  F. 
Eledona,  Latr. 

comata,  F. 

HSLOPIDJB. 

Helops.  F. 

▼ittatiis.0.  micans,  F.' 

tennicollis,  8. 

politiu. 

eonvexiis. 

obliqaatiu,  F. 

antennams. 
Strongylium  ?  Kirby. 

corticinum. 
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Pylho,  Latr. 
nitidas. 

C18TSLIADJB. 

Cistela,  F. 

Ailigmosa. 
mar^inata. 

collaris. 
obscura,  S. 
atra^S. 
debilipes. 

sericea,  S.  (Long's  Expedition.) 
sulphmea?  L.  sericea,  S.  (Jour.  Acad.  Nat.  Sc.) 
SSRROPALPIADJI. 

Orchesia,  Latr. 

fosca. 
Enstrophus,  Illiger. 

bicolor,  P. 

qaadrimaenlatus. 

tomentosQS,  S. 
Dircaa,  F. 

nnicolor. 

variegata. 

oriacoilis. 
Melandria,  F. 

striata,  S. 

macnlata. 
Hypulus,  Paykull. 

qoadrinotatos. 
SerroTOilpas,  Hellwig. 

linearis. 

qnadrimacnlatns,  S. 

(SDBMBRIADJI. 

CEdemera,  O.  (Dytilua,  Fiacher.) 

melanura,  F. 

mfieollis. 
Mycterus,  Clairville. 

benecomis. 

LAORIADJE. 

Lagria,  F. 
8enea,S. 

PYROCHROADJE. 

Dendroides,  Latr. 

Canadensis,  Latr. 
Pyrochroa,  Qeoflfroy. 

flabellata.  F. 

puncticollis,  S. 

marginata. 

infnmata.  Henti. 

elegans,  Hentz. 

MORDKLLIADJB. 

Ripiphorna,  Bosc.  (Pelecotomai  Fiacher.) 

pallipes. 
Mordella,  L. 

bidentata,  8. 

nigra. 

pminosa.  serval. 

sentellaris,  F.  brevis. 

gattiiiata. 
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Anaapis,  Qeoffroj. 
ni&,S. 

ANTHIClDJk 

Scraptia,  Latr. 

two  mcies. 
Notozas,  UeofiVoy. 

anchora,  HentB. 

mcmodon,  F. 
Anthicus,  Paykull. 

cinetns,  8. 

amaenus. 

Ingeminas. 

■ORIAPA. 

Horia,  F. 

sangajnipeimis,  B. 

CAMTHAElDlDJk 

Meloe,  L. 

Americanns,  Leach. 

qnadricollis. 

an^ticolliSj  S. 
Cantharifl,  Geofiroy. 

mars^ata,  F. 

SBDea,  S. 

▼ittata,  F. 

cinerea,  F. 

atrata,  F,  Pensylvaniea,  Oegeer. 
BRUCHIA0JI. 

Bruchua,  L. 

Pisi^L. 

panctifer. 

scutellaris.    Possibly  not  a  Bniehiu. 
Andiribu8,  Greofiroy. 

marmoreos,  O.  lonatos,  F. 

quadrinotatiis,  S. 
Anthribus  (Rhinomacert  Latr.) 

callus. 

CURCITLIONIADii. 

Attelabua,  L. 

analis,  Weber. 

pabescens,  S. 

bipustolatus,  F. 
Rhyncnites,  Herbat 

bicolor,  F. 

hirtusl  F.    brevipeimis. 

porosus. 
Rhynchites  (Sapindas,  Schonherr.) 

coUaris,  O.  rubricollis,  & 

unicolor. 
Rhynchites  (Pterocolua,  Sch.) 

ovatas,  F. 
ApioD,  Herbst. 

rostram,S.  niffnunl  deVbs*. 
Thamnophilua,  Sen. 

olyra,  Herbst. 

pandora,  S. 

marginatos. 
Ithycerua,  Sch, 

Noyeboracensis,    Forster.         curculionoidtjn,  Hbrbbt. 
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Brentus.  F.     (Arrhenodes,  Sch.) 

septentrionis,  Herbst  peregrinos,  Herbst.  Maxillosos  1  O* 
Curcuho,  L.  (Thylacites,  Germar.) 

crinitus.    gloDulns. 
Curculio  (Aphrastus,  Sch.) 

tsniatus,  S. 
Carculio.(Sitona,  Germar.) 

mustelinus.  .  . 

caninasl  F. 
Curculio  (Hadromerus,  Bch.) 

hilaris,  Herbst. 
Curculio  (Listroderes,  Sch.) 

lineatulus,  S. 

tricarinatus.    Lineatalusl  S.  yar. 

reticnlatus. 
Curculio  (Hylobrius,  Germ.) 

pales'?    Heibst    Abietisi  L.  macellila,  Q. 

Abietisl  L.  multiguttatos  1  O.  conAisas.  * 

atropos. 
Curculio  (Otiorhynchus,  Germ.) 

apicalat^. 
Lizua,  F. 

mbellus. 

marginatns,  S. 

lioeaticoUis.    rostellatus. 
Rhynchaenus,  F.  (Pissodes,  Gierm.) 

Strobi,  Peck,    nemorensis,  G. 
RhynchaBDus  (Erodiscus,  Sch) 

myrmex,  Herbst.    myrmecodes,  S.  , 

RfaynchflBnus  (Balaninus,  Germ.) 

nasicns,  S. 

rectosLS. 

rotonaicollis. 
RhynchaBDus  (Orchestes,  lUiger.) 

calceatas. 
Rhynchienus  (Madarus,  Sch.) 

undulatiis.  S. 
RhynchflBuus  (Baridius,  Sch.) 

modestns.    picipennis* 

pbtasus. 
RhynchaBUus  (Cryptorhynchua,  lUiger.) 

argnla,  F.  nenuphar.  Herbst.    Cerasi,  Peck. 

elegans,  S. 

terminalis.    elegans  1  S.  Far. 

anaglvpticus,  S. 

paroenns.  Herbst 

palmacollis,  S. 
RhynchaBDUs  (Ceutorhynchus,  Germ.) 

prninosQs. 

tabolaris. 

acephalus,  S. 
Rhynchaenus  (Mononychus,  Scbuppel.) 

ynlpecnlos,  F. 
Calaiidra,Clairyille.(Rhynchophorn8,  Herbst.) 

pertinax,  O. 

cariosa^O. 

immnnis,  8. 

c^catricosa,  S. 
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Calandra  (proper.) 

Oryze,  L. 
Cossonus,  Clairv.    (Rhyncholus,  Creutzer.) 

eorticolos,  S.    corticalisi  F. 

pttActulatus. 

striatiLs. 

.      BO8TRICHI0A. 

Hylurgua,  Latr. 

terebrans,  0. 

insidiosQs. 

apiculatus. 
Hyleainus,  F. 

aculeatus,  S. 
Phloiotribus,  Latr. 

reflexus. 
Scolytus?     GeofTroy- 

^      .Pyrii  Peck.  (Probably  Bostrichus  F.  Tomicus  t  Latr.) 
Tomicus,  Latr. 

pini,  S. 

septentrionis. 

dentatus.S. 

poiitus,  S. 

hminans. 

profundos. 

xylographus,  S. 
Boatrichus,  Geoffroy.    (Apate.  F.) 

basmaris,&  \    *-•   •      / 

ClaiDJB. 

Cis,  Latr. 

pubescens. 
Rhyzophagus,  Herbat 

obsoletus. 
Monotonia,  Herbat 

one  species. 

MTCXTOPHAOIDJB. 

Lyctua,  F. 

can&liculatos  1  8.  Striatus. 
Bitoma,  Herbst. 

quadriguttata,  S.  Synchita  quadrigattata,  S. 
Mycetophagua,  F. 

flexaosos,  8. 

nubilas. 
Latridiua,  Herbat 

pubescens,  S. 

uermis. 

impressicoUii». 

denticollis. 

•nrceolos. 

pnnctolatos. 

dentatus,  a   Savanus  dentatns,  S. 
Silvanua,  Latr. 

Surinamensis,  L   frmnentariua  F. 

subdentatns. 
Trogoaita,  P. 

mutica,  Pal.  de  Beauv. 

cinnamomea,  S. 

depressiorl  PaLdeBeauv. 
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CVCUJIAD&. 


Cucu|u8,  F. 

clayipes,  O. 

rnfos,  O. 

bignttatns,  S. 
Dendrophagus,  Gyllenhal. 

impressos.    Cacajus  oblongus  *?  F. 
Uleiota,  Latr. 

dnbia,  F. 
Parandra,  Latr. 

brannea,  F. 

CERAMBYCIDJB. 

Prionus,  Geoflfroy. 

laticollis,  Drury.    brevicomja,  F. 
Isevigatus. 

unicolor,  Drury.    cylindricus,  F. 
Cerambyx,  L.  (Stenocorus,  F.) 

atomaritu,  Drury.    Marilandicus,  F. 
cinctos,  Drury.    garganicus,  F. 
undatns,  F. 
quadrigeminatus,  S. 
rigidns,  S. 

putator,  Peck,    villososl  F. 
circumflexns,  F. 
Cerambyx  (Clytus,  F.) 
speciosua,  8. 

nobilis. 

pictns,  Drury.    Robiniee,  Forster.  flezuosus,  F. 

iulminans,  F. 

undulatns.  8. 

viUicos,  .0. 

Ammon 

hamatns,S. 

caprea,  8. 

palliatus. 

verrucosus,  O.  elbi 

ersrthocephalus,  F. 

supernotatus,  8. 

testaceus.    TNot  strictly  a  Clytus.) 
Cerambyx  (Callidiam»  F.) 

foTeicoUe.    atropos. 

snbstriatus. 

iuTencus. 

breyilineatus,  8. 

bajnlus,  L. 

violacens,  L. 

janthinus.    iconicus. 

eucujiformis. 

▼arius,  O.   versicolor,  Turton.    undatus?  L. 

ligneus.  F. 

variabilis,  L.   fenuicus,  F. 
Necydalia  L.  (Stenopterus,  Illiger.) 

rufa,  L. 
Necydalis  (Molorcbu8,  F.) 

bimaculata,  8. 
Lamia,  F. 

confusa,  8.    Clytus  confusus,  S. 
Lamia  (Acanthocinus,  Mefferle.) 

acanthura.    undata.    subfasciata. 
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Lamia  (Acanthocinus,  Megerle.) 

0liioleta,O.  DeGeerl  ftsciata?  DeOeer.     «nieiuiator7  P.M.  ligiu 

[and  obliqiia,  Melsheine: 

▼ittaiicoUis. 
Laaua  (Tetraopes,  Sch.) 

tetropthalma,  Foister.    tomator,  F. 

arator,  Germar. 
Lamia  (Monochamua,  D.) 

titillator,  P. 

deatator?  P.  CaroUnieasis  ?  O. 

sotor,  L 

pminosa. 

Difaaciata. 
Lamia  (Meaosa.  Marg«le.) 

macoia,   8. 

alpha,  a 
£iceta,a 
aspersa,8. 
Lamia  f  Saperda,  F.) 
ealcaimta,& 
obli<iiia,  S. 

Testita,  a    Appendix  to  Leac. 

lttTittata,S. 

trideBtaU^  O. 

trinncata. 

lateralis,  P. 

inornata,  8. 

plombea,  O.  tripunctata,  P. 

tetiamera. 
Lepiura,  L  (Desmocarua,  D.) 

palliata,  Forster.    eranea,  F. 
Leptura  (Rhagiam,  F.) 

lineata.O. 
Leptura  (Rhamnusium,  Megerle.) 

decolorata. 
Leptura  (Pachyta,  Megerle.) 

Leonardii. 

cyanipennis,  S. 

dehiscens. 

eanaliculata. 

pneosta.    prozima?  S. 

annuliconus. 
Leptura  (proper.) 

atrata.    aethiops. 

annnlata. 

Canadensis,  O. 

▼eliltina,  O. 

cordifera,  O. 

nitens,  Forster.    xebrata,  F 

mbrica,  8. 

proximal  8.    <^)aca. 

vittata,  O. 

robncollis. 

mficollis,  S. 

pabeia,  8. 

nnhila. 

lineola,  S 
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Leptura,  (proper.) 

8calanS|d. 

Inteicomis,  F. 

calceola. 
Leptura  (Toxotus,  Megerle.) 

c»ralea,S. 

CRIOCSRIDJB. 

Donacia,  F. 

palmata,  O.    subtilis,  Ahrens. 

inacicouis. 

metallica,  Ahrens.   S. 

chahrbaia. 

posiila,  S. 
Oraoaachna,  Latr. 

▼ittabL  8.    the  hepatica,  8.  is  a  rarietf. 
Crioceris,  GeoflTroy. 

tririttata,  8.    trilineataY  8. 

coUari^S. 
Aachenia,  Thunberg. 

tripla,  8.    Oraodaehna  tripla,  8. 

tnoercalata. 

mapiADjB. 
Hispa,  L. 

nttata.  F. 

sataraijs,  F. 

qnadrata,  F.   rosea,  Weber,    margipat^  1 

eorbnla. 

pallida,  8. 

obsoleta,  8. 

CASSIDADJB. 

Casaida,  L. 

Argus,  Herbst. 
clavata,  F. 
aarichalcea,  F. 
quadnsignata. 
▼icina.    signifer. 
coDTolvaii. 

CHRTlOMCLIAHii. 

ClylhTa.F. 

dominicana,  F. 

qnadrignttauk,  8. 
Chlamya,  Knoch. 

gibbosa,  F.  plicata.F.  tabero8a,1 
Cryptocephaloa,  Qeonroy. 

omatas,  8. 

qoadrigattatas,  8. 

quinquelineatus. 

fiuidas,  F. 

promiscitas. 

aormatos.    seznotatus,  Melsh. 

prasinatos. 
Eumolphus,  KlCig. 

aaratns,  F. 


C'ni,  8. 
irbatusi  8. 
▼arians. 
coehlearios. 
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Colaspis,  F. 

Suercns,  S. 
ecemiiotata,  S. 
pnncticoUis,  S. 
ustulata. 
^uadrinotata,  S. 
imperita. 
normalis. 
striata,  S. 
ovata.S. 
Chry8omeia»  L. 
trimacnlata,  F. 
scalaris,  Leconte. 
decipiens.  Weber. 
PhUadelphica,  F. 
hybrida,  S. 
pnlchia  F. 
elegans,  O. 
caeruleipennis,  S. 
teres. 


Chrysomela  (Prasocuris,  Latr.) 
scripta,  F. 


arquata. 

tri^ittata.  S. 
Chrysomela  (Megalamera.) 

rhois,  Forster.    meticoloaa,  O. 
Qaleruca,  Geoffroy. 

tomentosa,  L.    baccharidis,  F. 

puncticoUis,  S. 

vittata,  F. 

gelatinarise,  F. 

sordida. 

rufos^guinea.  S. 

Dotulata. 

notata,  F. 

duodecimpunctata,  F. 

meraca,  S. 
Qaleruca  (Adimonia,  Schfanck.) 

circnmdata. 

onicolor. 
Haltica,  Geoffroy.     (iEdionychis,  Latr.) 

thoracica,  F. 

abdominalis,  O. 

vians,  S. 

fimbriata,  Forster.    SutoreUa,  S. 

rueosa. 

sabvittata. 

circnmdata. 

palliata. 
Haltica  (proper.) 

Caroliniana,  F.  altemata?    Dliger. 

uni^ttata,  S.  glabratal  F. 

tseniata.    horticola. 

triangularis,  S. 

collaris.  F. 

collata,  F. 

aenea7  O. 

chalybea,  Illiger,    amethystina  7  O.  vitivora,  Thomas. 

ignita,  lUiger. 

nana.  S. 
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Hahica  (proper.) 

segetmn. 

paQQidicanda. 

striolata,  F.  var.  bipustnlata,  F. 

pubescens.  niif  er. 
Haltica  (Dibolia,  Latr.) 

serea. 

KROTYLIDA. 

Ropalocerus. 

fasciatus. 
Tritoma,  F. 

humerale,  F. 

bignttata,  S. 
TripJax,  F. 

thoracica,  S. 
Lianguria,  Latr. 

linearis. 

Mozardi. 

brevicollis. 

EMDOMTCHIDJE. 

Endomychus,  Weber. 

lineatus^F.    Enmorphas,  distinctus,  S. 

angulatas.  S.    Eiunoiphus  angnlatns,  S. 

vestitus,  S.    Lycoperoina  vestita,  S. 

femigineQs,Leconte.    Lycoperdlna  ferugiaea,  Leconte. 

biguttatos,  S. 

geminatus. 

COCCINELLIADA. 

Coccinella,  L. 

borealis,  F. 

mali,  S. 

novemnotata,  F. 

transversa. 

transrersogattata. 

biocolata,  8. 

geminata.    clepsydra. 

manda. 

nrsina.  F. 

viglntimaeulata,  S. 

pieta. 

media. 

pr6ba.S. 

abbreviata,  F. 

decemmacalata,  F. 

tibialis,  S. 

parenthesis,  S. 

temaria.    maltiguttata. 
Coccinella  (Chilochorua.) 

cacti,  L. 

normata,  S. 
Scymnus. 

parvulus.    brevis. 

qnerci. 

cissi. 
Olypeaster,  Andersch- 

fasciattts,  S. 
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II.— ORTHOPTERA. 

FOEFICVLADA. 

Forficala,  L. 

Two  species. 

BLATTlAOm 

Bktta,  L. 

Americana,  L. 

Domingeosis,  PaL  de  Beaavoii. 

orientalis,  L. 

PensylTanica^DeGeer.  nifeseeiis,  P.  de  BeaiiT. 

Incolor  1  Pal.  de  BeaaYois. 

parallela. 

MANTIADJB.  ^ - 

Bpectnun,  StoIL 
femoratnm,  S. 

ACfiBTADJI 

Qryllotalpa,  Latr. 

Americana. 
Acheta,F. 

triponctata. 

servilis. 
Acheta,  (iEcanthus,  Serville.) 

niTea,  DeGeer. 

bipnnctatat  DeGfeer.  cytiiutrteA. 

ORTLIIADJS. 

Qryllus,  L.  (Ephippiger.  Latr.) 

macnlatns, 
Oryllus  (Pterophylla,  IQrby.) 

concavus.  H. 

oblongifolius,  DeGeer.  laorifoliiis,  L. 

caryicandns,  DeGeer. 

agUls,  DeGeer. 

fasciamsl  Deseer. 
Gryllus  (Conocephalus,  Thunberg.) 

tabercnlatns  1  DeGeer.  ensiger. 

L00178TIADJB. 

Acrydium,  Latr. 

obscamml  F. 

flavofasciataml  DeGeer.  torvom. 

sangainipesl  F. 

femnr-ruDrum,  DeGeer.  erythropom,  Gmelin. 
femorale,  O. 
Locusta,  L. 

3>icalata.   tabercnlata,  P.  de  Beany.  F 1 
arolina,  L. 
eqaalis,  S. 

snlphureal  F.  periscelidis, 
▼iridifasciata,  DeGeer.   \  Y^^^^^*2  ^«  «*«7»melft.  Qm^  1 

solphnrea,  Pal.  de  Beauy. 

raoiata. 

eocerata. 

cerineipennis. 

eortipennis. 
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Tetriz,  Latr. 

bUerale.  S. 
oniacam,'S. 
floididiim. 
panripenne. 

111.— HEMIPTERA. 

PBNTATOMADA. 

Scatellera,  LAmarck.  (Tetyra,  F.) 

alteniata,  8. 

einctipes,  8.  dnbial  PaL  de  Beau^. 
Bcutellera  (Thyreoconis,  Schranck.) 

histeroides.    imicolor  1  P.  de  Beany. 
Pentatoma,  O. 

arborea,  8. 

PensylTaniea  1  DeGeer.  hilaris.  Tilia. 

obesa.  delia. 
/      pimctipes,  8.    conspena.    teira. 

punctipes,  Pal.  de  Efeaur. 

senilis. 

sancia. 

inserta. 

neiTOsa. 

dimidiata. 

nndata. 

clanda,  8. 

exapta,  8. 

icterica,  L. 

macnliventris. 

seriereDtris. 

canufex,P. 
Pentetoma  (Cydnus,  F.) 

spinifn»i8,8. 

hcatns,  cinctnsl  PaL  de  Beanr. 

bilineatns,  8. 

corbioa: 
Coreus,  F- 

galeator,  F. 

tnstis.  DeGeer.  ordiaatusS. 

lateralis,  8. 

catenarins. 

striatipennis. 
Lygeaa,  F.  fAlydus,  F.) 

earinoS|S. 

yittinasns* 
Lygeua  (Anisoacelia,  LAtr.)- 

promjnnlns.  * 
Lygsua  (Berytus,  F.) 

spinososT  8.  mnticns. 
Lygsus  (proper.) 

tnrcicns,  F. 

nnmenins. 

geminatna. 
Ljgmua  (Pachymera,  Lepeletier  aadStrviUe.) 

ccmstricta. 

bilobaUL 

mavortia.       (Astemma  1) 
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Salda,  F. 

peduncttlata. 

bullauL 
Myodocha,  Latr. 

peliolata. 
Astemma,  Latr. 

coracina.       (Miris  1) 
Miris,  F. 

flagellatus, 

dorsalis. 

vagansi  F. 

brevidapex. 

bivittatus. 
Capsus,  F. 

rapidos. 

inops. 

quadrivittatus. 

invitns. 

oblinitus. 

cardinalis. 

testudinens. 

lagubris. 

dislocatns. 

sanraiaarius. 

trifidas. 

insitivas. 

virensi  F 

famelicus.- 

bracteatns. 

alticus.  (Perhaps  not  of  this  genus .) 
CmiClDJB 

Syrtis.  F. 

erosa,  F. 
Tingis,  F. 

mannoratus. 
Aradus,  F. 

sanguineus. 

penultimus. 

muticoUis. 
Cimex,  L* 

lectularius,  L. 
Reduvius,  F. 

pei-sonatusl  L.   mimicus. 

pectoralis. 

cinctus,  F. 

diadema,  F. 

mnltispinosus,  DeGeer.  raptorius,  S. 
Reduvius  (mbis  ?  Latr.) 

pectoralis. 
Reduvius  (Zelus,  F.) 

acanthoeonius. 
Reduvius  (Ploiaria,  Scopoli.) 

simphcipes. 

brevipennis,  S.   longipes  1  DeGeer. 

errabnndos. 
Leptopus,  Latr. 

altematus. 
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Acanthia,  Latr. 
coriacea. 

HYDROMETRADJC 

Gerris,  F. 

remi^is: 

mar^atus. 

homills. 
Velia,  Latr. 

coUaris. 

NEPADA. 

Belostoma,  Latr. 

Americana  1  P.    jrisea. 

sordida. 

flnminea. 
Nepa,L. 

apiculata. 
Ranatra,  F. 

fosca,  Pal.  de  Beauv. 

M0T0NECT1AD£. 

Notonecta,  L. 

Americana,  F. 

macolata,  O.   lineata?  Forster. 

nndulata. 
Notonecta  (Corixa,  Greoffroy.) 

interrupta,S. 

altemata,-S. 

IV.— OMOPTERA. 

ClOADTAD/B. 

Cicada.  O. 

tibiceni  L. 
prninoea,  S. 
*•  septemdecem^  L 

FULOORIADA. 

Otiocerus,  Kirby 

Coquebertii,  Kirby. 

DeGeerii,  mrby. 

cercopiada:. 
Flata.  F. 

bivittata,  S. 

stigmata,  S. 

pruinosa, 

opacfL 
Membracis,  F. 

bimacnlatns,  F. 

monticolal  F.    Cissi. 

urtics. 

bubalus,  F. 

taarinus. 

festiviis. 

arqaatas. 

latipes,  S. 

binotatus,  S. 

sinaatus,  F. 

concavns,  S. 

marmoratns. 

univittatas. 

vau. 
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Cercopis.  F,  (Aphrophora,  Germar.) 

obtii8a,8. 

qiuulriiiigularis,S. 

panaiela,8. 

ignipccta. 
JaMua,  F. 

semindiu. 

ditellaria. 

noyeilns. 

sabfasciatiu. 

larctus. 

areatus. 

immistiis. 

irroratni. 
Tettigonia,  O. 

octoUneata,  S. 

onilineata. 

meilipes. 

qnadriTittata. 

coccinea,  Forstar. 

▼iti8.It  banians?  8. 
sqaalisimila. 

APHlDtDJI. 

Tliripe,L. 

one  species. 
Aphis,  L 

canrsB. 

and  many  other  species. 
Aphis  (Eriosoma,  Leach.) 

lanigera,  L. 

COCCI  AD  JB. 

Coccus,  L. 

arborom  linearis.  Oeoffirqy. 
ciyptogamus,  Dalman. 
Hesperidom,  L. 
Adonidom,  L. 
and  others  undetermined. 

v.— NEtJROFTERA. 

LrBBLLVLADJB. 

Lihellula,  L. 

pnlchella^Dnuy.  bifesciata,  F.  versicolor?  P. 

Ljrdia,  Drory.  trimacnlata,  OeGeer.  F? 

qaadmpla. 

pminoea.   trimaculata  ?  F. 

exosta. 

semicineta. 

tenera. 

temaria. 

mbicunda. 

evuueura. 

Berenice,  Drary. 

Julia. 

rabicnndiila. 

simpUcollis. 
^shna,  F. 

heros,  P. 
.Sshna  (Gomphus,  Leach.) 

Jonias.  Dmry. 

eiepsydnL. 
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^Jahna  (Gomphus,)  L. 

obsoleta. 

fureillata. 

Janata. 

iratema. 

vinosa. 

obliqua. 

transversa . 
Agrion,  F. 

matema.  virgo  gamma,  Drury. 

fugitiva. 
Agrion,  (Calepteryx,  Leach.) 

opaca. 

aequabilis. 
Agrion  (Lestes,  Leach.) 

enrma. 

basalis. 

rectangulahs. 

hastata. 

venicalis. 

iosipiens. 

EPHEMBRADJI. 

Ephemera,  L.  (Baetis,  Leach.) 

etirina. 

Aiscicostata. 

coniiisa. 

amcenicauda. 

lateipennis. 
Ephemera  (Cloeon  ?  Leach.) 

lenconeara. 

scripticostata. 
Ephemera  (proper.) 

bispinosa. 

PAN0RP1ADJI. 

Panorpa,  L. 

iasciata,  L. 

MYRMELEONTIDC. 

Ascalaphus,  F. 

maculatus?  O. 

HBMKROBllDA. 

Hemerobius,  L. 
irroratus,  S. 
mononeurQs. 
perla  ?  L. 

8EMBL1ADX. 

Corydalis,  Latr. 

comutus,  L. 
Chauliodes,  Latr 

Dectinicomis,  L. 

denticomis. 

serricomis,  S. 
Sialis,  Latr. 

mauros. 

PERU  ADA. 

Perla,  Geoffroy. 

immarginata,  S.    (Sialis.) 

isogona. 

semifasciata. 
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Peria,  (Nemoura,  Latr.) 
convoluta. 
debilipennis. 

MANTlSPIiLDJB. 

MantiBpa,  Illiger. 
pagana,S. 

TimTIDJIB. 

Termes,  L. 

agrarios. 

domesticus. 
Paocus,  F. 

gregarius. 
AtTopoa,  Leach. 

pnisatorias,    L. 

PHRTeANKAPA. 

Phryganea,  L*. 

semifasciata,  S 
siibfasciata,  S. 
radiata. 
argenteomata. 
intaminata. 
coagalata. 
elangatula. 
sericca* 
Ygip 


dislocata. 
obsoleta. 
debilipes. 
nndulata. 
qnadnila. 
Phryganea  (Leptocerus,  Leach.) 
▼ariegata.    hieroglyphica. 
macmicomis. 
tarsata. 
nabila. 
altenucornis. 

VL— HYMENOPTERA. 

TBNTHRSDINIDJS. 

Cimbez,  O. 

Ainericaaa,  Leach. 

Tenthredo,  L.  (Schyzocera,  Latr.) 

caleeola. 
Tenthredo  (Lophyrua,  Latr.) 

comparl  Leach.    Americana  1  Leach. 

ilanda. 
Tenthredo  (Hylotoma.  P.) 

Macleayif  Leach. 

pectoralis^  Leach. 

daricomis,  F. 

erythrosomal  Leach,    scatellata. 
Tenthredo  (Alkntua,  Jurine.) 

sambaci 

irerticalis7  S. 

basilarisi  S. 
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Tenthredo  (AUantas,  Jurine.) 

media. 

taciuu 

meljsoma. 

trosnla. 

nifipes.S. 

tnsyllaoQs. 

atroviolacea. 

obesa. 

marginicollis. 

coronata. 

tarda. 
Tenthredo  (Selandria,  Leach.) 

Titia,H. 

barda. 

pygmaea. 

censi,  Peck. 

halcyon. 
Tmthredo  (Doaytheus,  Leach.) 

8ericea,S. 

nnicolor  ?    P.  de  Beanv; 

anrensis,  8. 

coUaris,  S. 

bicolor,  P.  de  Beaav. 

aprica. 
TeDthiedo  (Emphytos,  Leach.) 

inoniatayS. 

tanata. 

mellipes. 

aperta. 
Tenthredo  (Criesus,  Leach.) 

septentrionalis,  F« 
Tenthredo  (Nematua,  Jurine.) 

integia. 

melanocephala. 

ventralis. 

pallicomis. 

ralvipes. 

labrata. 

sdginata. 

moiiocliroiiia. 
Tenthredo  (Cladiaa.  King.) 

isomera. 

dorsalis.    (Acordulecera.)  . 
Tenthredo  (Lyda,  F.) 

maculiTentris. 

circnmcincta,  King. 

ochrocera. 

seripta,  8.    Tarpa  scripta,  8. 

mfoftsciata. 


XIPHYOBUDA 

Xyela,  Dalman. 

fermginea,  8, 
infiiBcata. 
Cephus,  Latr. 
abbreTiatus. 
integer. 
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Cephui,  Latr. 

*  heteroptenis. 
filicomis. 
Xiphydria,  Latr. 
albicomis. 
meUipes. 

VROCBRIDJB. 

Oryaaus. 

h»morrhoidalis. 

mannis. 

afliiiis. 
Sirez,  L. 

albicomis.  F. 

abdominAlis. 
Sires  (Tremez,  Jurina.) 
.  colmnbt,  L. 

BYAKiAPJB. 

Fsnua,  F. 

irritator. 
Evania,  F. 

appendigaster?  Latr. 
Pelecinua,  Latr. 

polyeerator,  F* 

clavator,  Latr. 

ICHNBVMONIDJB. 

Pimpla,  F. 

atrata,  F. 

Innator,  F. 

irritator,  F. 
Cryptoa,  F. 

anmilipes, 

mellipes, 

&cilis. 

inquisitor,  S. 

cetypns. 

hifl^. 

pleiuitictis. 

Tersicolor. 

polyspeims. 

leacotelas. 

fecetos. 

calceatns. 

lazns. 

reloz. 

lenellalua. 

eardinalis. 

crescentus. 

bacephaliis. 

clyti. 

sabclaYatns. 

palm&pectos. 

sabspiaosas. 

isochromiis. 

attractus. 

recur  vuliis. 

spiiralosiis. 
Ophion,  F. 

bilineattts,  S. 
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Ophion,  F. 

geminatu!;,  S. 

vitticollis. 

dentolatus. 

cecropis. 

glabratus. 

mundiis. 

flavicomis,  S.    Anomalon  flaricorois,  S. 

morio,  F. 

analis,  S. 

reliclus,  F. 
IchceumoD,  L.  (Trogus  Panzer.) 

folvus  1  F.  pennator  ?  F.  ischiadicus. 

atratas. 
Ichneumon  (prop^.) 

concitator  S. 

devinctor,  S. 

multor,  8. 

basiator,  S. 

altemalor,  S. 

centrator,  S. 

cingor.  S. 

unifasciatorins,  S. 

Insorius,  S. 

dimelapsus. 

stolophoros. 

extaricus. 

ealifergns. 

ferragator.  Swederus. 

residans,  S. 

breyinctor,  S. 

emargipatus.' 

orbitarins.  * 

melllpectoriua 

melisomus. 

spatioeiu. 

emaiginatulus. 

platiceros. 

leiicoptenu. 

plantaris. 

earostus. 

biarquatns. 

ligatns. 

▼ao. 

amcnlaris. 

trichocenu. 

suturalja. 

metathoracicut. 

otiosiis,  S. 

impiger. 

paratQs. 

nospes. 

moralns. 

petiolatus. 

eznlans. 

famelicas. 

baculus. 

mellilabrus. 

anzifer. 

aleatorius. 

ales. 
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Ac9DitU8,  Latr. 


BracoD,  F. 

populator  ?  S.    matnror. 

nigulosiu. 

opercnlatos. 

pidpatorins. 
Mierogaker,  Latr. 

carpata. 
Sigalphus,  Liatr. 

pnppius. 

pataltts. 

socius. 
Chelonua,  Jurine. 

cornigatas. 

Miiceos. 

dialocatas.    (Not  strictly  a  Chalonns.) 
DIPLOLKPIDIDJB. 

Ibalia,  Latr. 

macalipennis. 
Figitea,  Latr. 

pinL 

melisoma. 
Diplolepia,  Qeofiroy. 

nabilipennls. 

flageliatiu. 

impoUta. 

deyios. 

poteatillff. 

dichocems. 

semipicea. 

onerataB. 

conflaentus. 

CHALOIDIPJi. 

Leacospis,  F. 


Chalcis,  F. 

octonotata. 
Torymua,  Dalman. 

semianiatas. 

azaleas. 

amethystinas. 
Perilampus,  tatr. 

hyaiinus. 
Pteromalua,  Latr. 

arctiflB. 

vanessK. 

clisiocampsB. 

leptn  nu. 

OMSQS. 

Eurytoma,  Illiger. 

hordei,  H. 

stndioaa. 
Eulophus,  Geofiroy. 

one  species. 

PROCTOTRUPIADJE. 

Proctotrupea,  Latr. 
cordatos,  S. 
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Psilus,  Jurine. 

terminatus. 
Ceraphron,  Jurine. 

platycephalTis. 

CHRT11P1DJB. 

Chrysis,  L. 

pacifica,S. 

caenilans.F. 
ChryBis  (Hedychrum,  Latr.) 

specmum.  v 

FOEMIOIADJS 

Formica,  L. 

Pensylvanica,  DeOeer.    hereuleana?  F. 

melinenra. 

mcisnraUs. 

qnadrata. 

sabfiericea. 

bilobata. 

petalca. 
Formica  (Myrmica,  Latr) 

inflecta. 

1CVT1LL1ADJB. 

Mutilla,  L. 

ferrugata  ?  F. 

pervaga. 

ludnlata. 

dislocata.  (Not  strictly  a  Matilla.) 
Matilla  (Myrmosa,  Latr.) 

nnicolor.  S. 
Mtttilla  (Methoca,Latr.) 

pacalis. 

8C0L1ADJB. 

Tiphia,  F. 

tarda. 

inornata,  S^ 
Plesia,  Jurine. 

costata. 
Scolia^F. 

plumipes,  Drury. 

8APT01ADA. 

Sapyga.  Latr. 
peptica. 
eentrata. 

POMPILIADJC. 

Cerophales,  Latr. 

bipanctata,  8. 

dentieolata. 

^iciTentria. 
Pompilua,  F. 

tropicus  1  F.    marginatus  7  8. 

atroviolaceus. 

tarsatos. 

solicitus. 

▼afer. 

bignttatus,  F. 

architectus. 

spein^ms. 
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Pompilus,  F. 

debilis. 
Miscua,  Jurine. 

sty^icus. 

petiolatus. 

SPMEGIADJB. 

Sphex,  L.  (Ammophila.  Kirby.) 

conditor.    falvicaulis. 

lugubris, 

grvphus. 
Sphex  (proper.) 

ichneumonea,  L. 

Penxksylvanica,  Pal.  de  Beaur. 

labrosa. 

apicalis.    (Probably  not  a  true  Sphex.) 
Sphex  (Pelopsus,  F.) 

flavipes,  F. 

csBrulea.  L.    cyanea,  F. 

affinis,  F. 

BEMBICIDJB. 

Bembex,  F. 

fasciata,  F. 
Monedula.  Latr. 

ventralis7  S.     vigilans. 

LARRIADJB. 

Lyrops,  Illiger. 

aamlenta. 
Larra.  F. 

argentata,  Pal.  de  B  tauY. 

Pennsylvanica,  Pal.  de  Beauv. 

sabita. 
Astata,  Latr. 

unicolor,  S. 
NyssoD,  Latr. 

late  rale. 
Tripoxylon,  Latr. 

clavatum. 

atritarse. 
Oxybelus,  Latr. 

qaadrinotatus,  S. 

emarginatos. 

GRABR0N1AD& 

Crabro.  F. 

decemmacalatus,  S. 

g^aaconotatns. 

sexmaculatus,  8. 

confertus. 

famelicns. 

complanatas,  S, 

gryphus. 

argus. 

pegasos. 

pusillas. 

scutellatus,  S. 

tibialis,  S. 
Cemonus,  Jurine.     (Pemphredon,  F.) 

concolor,  S.     Pemphredon  concolor,  S. 
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Cemonus. 

inornatas,  S. 

annolatos.    (Stigmns  7) 
Mellinus,  F. 

bimaculatiis. 
Cerceris,  Latr. 

deserta,  S. 

baridias. 
Philantbus.  F. 

vertilabris,  S. 

obsoletus. 

vlatos. 

impnnctatiis. 

erratus. 

YESPIA^JC. 

Vespa,  L.  (Odynerus,  Latr.) 

qnadricornis,  L.  cincta,  DeOeer.    uncinata,  F. 

pin  rici  acta. 

mcinctal  F. 

Daedalus. 

oculata. 

parielina?  L. 

debilis. 

atricornis.  5^^°°«"^S  *^  Odyneras. 
Vespa  (Eumenes,  Latr.) 

frateroa,  S. 
Vespa  (Polisrtes,  F.) 

foscata.  F. 

promethea. 
Vespa  (proper.) 
-  macnlata,  L. 

fVatema.    arenaria?  L. 

maculifrons. 

cnneata,  F. 

inaeqoalis. 

ANDRENlADiB. 

Andrena,  F. 

sericea,  Forster.    Tiridola,  F. 

nigricornis,  F. 

smaragdina. 

amoena. 

farva. 

calceata. 

ladibunda. 

paganica. 

fulviana. 

ligata. 

agilis. 

opposita. 

dooia. 

mera. 

inomata. 

flavinasus. 

leacoDns. 

fro^falis. 

noticauda. 
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Andrcna  (Sphecodes.  Latr.) 
dichroa. 

APIDJB. 

Xylocopa,  F. 

victima. 
Ceratina,  Latr. 

dupla. 
Megachile,  LAtr. 

latimana,  S. 

sabsinaosum. 

inte^ram. 

dimidiatum. 
Osmia^  Panzer. 

lignaria. 

pacifica. 
SteliB,  Panzer. 

intermpta. 
C«lioxys,  Latr. 

octodentata,  S. 
Epeolus,  F. 

mercatos,  F. 

donattts.' 
Nomada,  F. 

decora. 

vincta. 

intemipta. 

bisignata,  S. 
Melecta,  Latr. 

inermis. 
Eucera,  Latr.    (Melisaodea,  Latr. ) 

tibialis.  ' 

pruinosa. 

erratica. 

rustica. 

sejcdentata. 
Bombus,  F. 

Americanorunii  L. 
elatus.  F. 
dimidiatus. 
Vir^inicus,  P. 
fervidas,  P.    nidolana  7  P. 
caltor. 
impatiens. 
temarios. 
Apis,  L. 

melliaca,  L. 

VIL— LEPIDOPTERA. 

PAPILIONIADJB.* 

Papilio,  L. 

Tamus,  L. 

Asterius,  Cramer. 

Troilus,  L. 
Pontia,  F. 

oleracea,  H. 
Colias,  F. 

Pbilodice,  Oodart. 
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Argynnis,  F. 

Idalia,  Drarv. 

Aphrodite,  F.  var.  Daphnis,  Cramer.  Cybele,  F. 
Melitsea,  F. 

Phaeton,  Drury. 

Myrina,  Ctamer. 

Cocyta, Cramer.  Pharos?  Drury.    Tharos?  Cr. 
Vanessa,  F. 

Antiopej  L. 

urticae,  L. 

interrogationis,  F. 

Progne,  Crafmer  and  Godart 

furciUata,  S. 
Cynthia,  F. 

Atalanta,  L. 

cardoi,  L. 

Hmitera,  F.  belladona,  Petiyer.  lole,  Cr. 

Lavinia,  F.  Orythia,  Smith— Abbot. 
Hipparchia,  F. 

Alope,  F.  &  Godart. 

Anaromacha,  Hnbner. 

Earytrls,  F.  Cymele,  Cramer. 

semidea,  S.  fortunatal  F. 
Limenitis,  F. 

Ephestlon,  Stoll.  Ursula,  F. 

Arthemis,  Drury. 

Misippus,  L. 
Danaus,  lair, 

Archippus,  F.  Plexippus,  Cramer. 
Lycsna,  F. 

phlaeasl  L. 
Thecla,  F. 

Damon,  Cramer. 

Paul  Drury. 

and  five  more  species. 
Polyommatas,  Latr. 

Arsiolus,  L. 

and  two  more  species. 

HESFERIADA. 

Hesperia,  F. 

Clarus,  Cramer.  Tityrus,  F. 
Bathyllus,  Snuth-Abbot. 
Juvenalis,  F. 

Juvenalis,  var.  Smith- Abbot, 
and  eight  more  species. 

SPHINOIADJB* 

Smerinthus,  Latr. 

excsecata,  Smith- Abbot. 

integerrima. 

myops,  Smith-Abbot. 

^enunata,  S. 

juglandis,  Smith- Abbot. 
Sphinx,  L. 

lineata,  L. 

a>ilobii. 

Carolina,  L. 

ligustri?  L. 

gordius,  Cramer. 
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Sphinx,  L. 

kalmise,  Smith- Abbot. 

Grantor,  Cramer.  Acbemon,  Drury. 

satellitia,  L.  Licaon/  Cramer. 

Hylseus,  Drunr.  prini,  Smith-Abbot. 

pampinatrix,  Smith- Abbot.  Mrron?  Cr. 

azaleas?  Smith- Abbot.  Choeriius?  Cr. 

aod  three  more  species. 
Thyreus,  Swainson. 

Abboiiii  Swainson. 
Macro^lossa,  Scopoli. 

Nessus,  Cramer. 
Sesia,  F. 

pelasgiis,  Cramer. 

JBOERIADJB. 

JEgeria,  F. 

tricincta. 

cacurbitae,  H. 

exitiosa,  S.  persic8e,BartoiL 

fulvicomis,  S. 

fulvipes. 

ptyri,  H. 

tipuliformis,  L. 

and  foar  more  species. 
Thyris,  Illiger. 

maculata. 

ZYOJBNIAOJB. 

Glaucopis,  F. 

pholos.  F. 
Aglaope,  Latr. 

dispar. 

BOMDYCXAOJL 

Hepialus,  F. 

argenteomacnlatns. 
Cossus,  F. 

robinis,  Peck. 

crepera. 
Attacus,  Gcrmar. 

Lnna,  L. 

Polyphemns,  L. 

cecropia,  L. 

Promethea,  Drury. 
Baturnia,  Schranck. 

Proserpina,  F. 

Io,F. 
Ceratocarnpa,  (Ceracampa,  Kirby.) 

regalis,  F. 

imperial  is,  F. 
Dryocampa. 

senatoria,  Smith- Abbot.  Astynome  1  O. 

rubicunda,  F. 
Gastropacha,  Ochsenheimer. 

velleda,  StoU. 
^  and  another  species. 
Clisiocampa,  Curtis. 

castrensis,  Smith- Abbot 

neostria,  Smith- Abbot. 

pyxidiferal  Smith- Abbot 
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Bombyz,  F. 
mori,  L. 

NOTODONTIADA. 

Pygiera?  Och. 

albifroDs,  Smith- Abbot 

ministra,  Drury. 

and  another  species. 
Notodonta,  Och. 

anguiaa,  Smith- Abbot. 

coDcinna,  Smith- Abbot. 

unicornis,  Smith-Abbot. 

aarora,  Smith- Abbot. 

grata,  F.    (Not  strictly  a  Notodonta.) 

and  four  more  species. 
Clostera,  Hoffmansegg. 

two  species. 
Cerura,  Schranck. 

two  species 
Limacodes,  Latr. 

scapha. 

and  another?  species. 

ARCTIAOJB. 

Arctia,  Schranck. 

Isabella,  Smith- Abbot. 

acria,  Drury.   male,  caprotina,  Dnury. 

Virgmica,  F. 

textor,  H. 

Virgo,  Smith- Abbot. 

phyllira.  Smith- Abbot. 

fi^urata,  Drury. 

phalerata, 

Egle,  Drury. 

tessellaris,  Smith-Abbot. 

carvffi. 

and  another  species 
Dasychira?  Hiibner. 

iirmiana.  Cramer,  torre&cta,  Smith-Abbot 

and  another  species. 
Orgyia,  Och. 

antiqua?  L. 

and  two  more  species. 

L1TH08IAOA. 

Psychemorpha. 

maculata. 
Callimorpha  ?  Latr. 

militaris. 
Lithosia,  F. 

Bella,  L. 

and  seven  more  species. 
noctuadjb. 
Erebus,  Latr. 

odorus,  Drury. 
Catocala,  Och. 

nupta,  L. 

coniors,  Smith- Abbot. 

Epione,  Drury. 

aad  six  more  species. 
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Noctua,  F. 

pyramidea?  L. 
aceris,  Smith.    Abbot, 
devastator,  Brace, 
oleracea. 
verruca,  F. 
iota,  Cramer, 
cingulata. 
brassicariae  ?  F. 
libatrix,  F. 
Emmedonia,  Cramer. 
Erlchtea,  Cramer, 
lunata,  L»rury. 
squamularis,  Drury. 
and  ninety  more  species. 

OEOMBTRAOJE. 

Ocometra,  Hubner. 

vemata.  Peck,  bmmata?  L. 

catenaria,  Drury. 

nndulata?  P. 

sospeta,  Drury. 

transversata  ?  Drury. 

vibicaria  7  Cramer. 

serrata,  Drury. 

and  fifty  nine  more  species. 
Platypteryx,  Laspeyeres. 

erosa. 

PYRALIDA. 

Herminia,  Latr. 

eight  species. 
Margaritia?  Stephens. 

one  species. 
Py rails,  Hiibner. 

farinalis,  L. 

atralis  1  F. 

and  five  more  species. 

TORTRICIDJB. 

ToTtrix,  Hubner. 
pomona;  L. 
and  thirty  two  more  species. 

TINEADJB. 

Galleria.  F.  * 

cereana,  F. 

and  three  more  species. 
Crambus,  F. 

.  nivalis^  Drury. 

humuli. 

aspergillus,  Coquebert,  Bosc. 

and  twenty  six  more  species. 
Yponomeuta,  Lair. 

two  species. 
Tinea,  L. 

glandis. 

pellionella,  L. 

and  ten  more  mcies. 
Pterophovus,  Geonroy. 

four  species. 
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VIIL— STREPSIPTERA. 

Xenos,  Rossi. 

Peckii,  Kirby. 

IX.— DIPTERA. 

C17LICID£. 

Culex.  L. 

cingalatus,  F.  molestis,  Wiedemaa. 
damnosus,  S. 
colon, 
ciliatus,  F. 

gimgens?  W. 
eles,  Meigen. 
'guttalatos.    quadrimaculatus  7  S.var. 

TlPULADf. 

Chironomus,  Meig. 

albitarsis. 

claracoUis. 

lateialis. 
Tanypus,  Meig. 

Diplagiatos. 
CeTatopog:on,  Meig. 

debiSpes. 
CteDophora,  Meig. 

abdominalis,  S. 
Pedicia,  Latr. 

goniphora.    rivosa  ?  L. 
Tipula,  L. 

altemata,  S. 

nubilis. 

trivittata,  S. 

flavicans,  F. 

alternata. 

ferraginea,  F. 

tricolor,  F. 

vitlipennis.    tricolor?  F. 
Ptychoptera,  Meig. 

clavipes,  L. 
Limnobia,  Meig. 

monochroma. 

rostrata,  S. 
Trichocera,  Meig. 

scutellata?  S.  CampyloniTza  scatellata?  S. 
Chionea,  Dalman. 

valga. 
Rbyphus,  Latr. 

alternatos,  S. 
Mycetophila,  Meig. 

djscoida,  S. 
Leia,  Meig. 

triplagiata. 

xiczac. 
Sciara,  Meig. 

obscura. 
Simalium,  Latr. 

ealceamm. 
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Scatopse,  Geoffroy. 

nitida. 
Penthetria,  Meig. 

lugubris. 
Dilophus,  Meig. 

fraternns. 
Bibio,  Geoffroy. 

<femorata,  Wied. 

bronnipes,  F. 

albipennis,  8. 

aiticulosa. 

A8l  LT  ADM. 

Aailus,  L.  (Laphria,  Meig.) 
thoracicus,  F. 
athbarbis,  S. 
flayicollis,  S. 
posticatas,  S. 
fulvicauda,  S* 
sericeus,  S. 
terffissas7  S. 

Slabratus?  S. 
avicolliM,  S. 

saffranus,  F. 

glabratus,  S. 
Aailus  (Dioctria,  Meig.) 

octopunctatus,  8. 
Aailus  (proper.) 

sericeoSjS. 

heros?  W. 

aestuans,  L. 

vorax. 

apicalis,  W. 

glanconotatus. 

ansatos. 
Hybos,  Meig. 

elevatas. 
Exnpis,  L.  (Ramphomyia,  Meig.) 

atritarsata. 
Cyrtus,  Latr.  (Acrocera,  Meig.) 

obesus. 
Cyrtus  (Henops,  Illiger.) 

fasciatas. 

ANTHRACIOJL 

Bombylius,  L. 

squalls,  F. 

fulvus,  W. 
Anthrax,  Scopoli. 

morioidesi  S. 

scapularis. 

analisi  8. 

lateralis,  8. 

RHAOIONIADJI« 

Thereva,  Latr. 
plagiata. 
nigra,  8. 
notata,  W. 
aurata. 
frontalis,  8. 


Digitized  by  CjOOQ IC 


Imecti.  597 


Leptis,  F. 

ornata,  S. 
humeralis. 
trifasciata. 
auricincta. 
ploinibea?  S. 

DOLICHOPIftJE. 

Dolichopus,  LAtr. 

atricornis. 
Porphyropis,  Meig. 

qaadriplagiatas. 
Psilopus,  Meig. 

sipho.  S.    Dolichopus  sipho,  fl. 

scutellatus. 
Platypeza,  Meig. 

a^pendicnlata. 
ScenopinoB,  Latr. 

pallipes,  8. 

TABANUDJB. 

Tabanus,  L- 

atratus,  F. 
cinctus,  F. 
lineola,  F. 
divisns. 
lieneatos.F. 
molestisi  S. 
Chrysops,  Meig. 

femigatasi  F.  van. 
confasus. 
vittati]8,W. 
ischiacos. 

XTLOPHAOIDC 

Mydas,  F. 

filata,  L.  clavata?  Dmry,  F. 
Xylophagus,  F.  ^ 

heros. 

fascipennis. 

politns. 

incisnraliB. 
Ccenomyia,  Latr. 

pallida,  S. 
Beris  ?  Latr. 

fuscitarsis. 

STRATYOMTABJS. 

Stratyomys,  Geoffroy. 

viridicincta. 

abdomioalis. 

intennedia,  W. 

ischiaca. 

amoenifrons. 

quadripunctata. 
Sargus,  F. 

scutellatus. 

decoras,  S. 

74 
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8TRPH1APJS. 

Volucella,  Qeoffiroy. 

basalis. 
Sericomyia,  Meig. 

tabercolata. 
Eristalis,  Meig, 
pterelas. 
fascioollis. 
posticatQsl  F. 
sinceras. 
penragQB. 
sftxonm. 
Helophilua,  Meig. 

appensQs. 
Syrphus,  Utr.    (ScKva.  F.  and  Say  ) 
concariUfS.  ' 

qnadratiis,  8. 
lachnrmosos,  8. 
nttatiftoDs. 
teretns, 
simulatus. 
angulalus. 
encaustns. 
cylindricas,  8. 
obliqQus. 
geminatas7  8. 
marginatus  1  8. 
Chry80|a«ter.  Meig. 

nmcornis. 
Baccha,  Meig. 
aurinota. 
Sphecomyia,  Utr.  (Pyrgotat  W.) 
undata.  ' 

valida. 
Psarus,  Latr. 

Mero5o?^g"""'  ^-  "^"^^  q««drifa«.iatus,  s. 

bardM,  8.  Milesia  tarda,  a 

tudiconus. 

curvipes.  W. 
Xylota,  Meig. 

ejoncida,  8. 

proziiiUL& 

naunatodes,  8. 
Milesia,  Latr. 

omata,  F. 

obliqua. 

ezcentrica. 

analis. 

ischiaca. 

verbosa. 

giiaya. 
Rhingia.  Scopoli. 

nasica,  S. 
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CEstrus,  L. 

baccatiis,'JE*.  eunicalil  Clarke. 

eqai,L. 

ovis,  L. 

bovis,  L. 

conopudj:. 
Conops,  L.  rSystropus  ?  W 

sagittaria,  S. 

interrupta. 
Myopa,  P. 

vesiculosa. 
Stomoxys,  G^ffroy. 

calcitrans  1  L. 

pallida. 

MVSCIADJB. 

Echinomyia,  Dumeril. 

obesa.  bombylaos  1  F. 

tessellata7F. 
Gonia,  Meig. 

vertebrata. 

basalis. 

tarda, 
Gymnosoma,  Meig. 

rotnndata,  L. 
Trichopoda,  Latr. 

jugatoria,  S.    Phasia  jagatoria,  S. 
Ocyptera,  Meig. 

lateralis. 

galeracae.  (Perhapsnot  a  true  Ocyptera.) 

Melanophora,  Meig. 

stygia. 
Tachina,  F. 

plagiata. 

algens,  W. 

vivida.  hirtal  Drury. 

futilis.   vanessas. 

noctuse. 

conica. 

incauta. 

rubidapex. 

errabunda. 
Dexia,  Meig. 

lateralis. 
Masca,  L. 

vomitoria,  L. 

domestical  L. 

harpyia. 

regina?  Meig. 

amcBiia. 

hiiticoUis. 
Sarcophaga,  Meig. 

carnaria,  L. 

Georgina,  W. 
Amhomyia,  Meig. 

Junatifrons. 
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Anthomyia. 

timida. 

notatifrons. 

calceola. 

ischiaca. 

reces.    raphani. 

eoniphora. 

lenis. 
Borborus,  Meig.  (Sphasrocera?  Latr.) 


Cordylura,  Fallen. 

placida. 
Scatopha^,  Latr. 

posulena. 
Loxocera,  Latr. 

atricomis. 
Lissa,  Meig.    ( Lissom yia,  Say.  Mst.) 

polita. 
Tetanara,  Meig. 

pallida. 
SapTomyza,  Fallen. 

sabfasciata. 
Tetanocera,  Dumerii. 

cauta. 

cribraria. 
Calobata,  Meig. 

antennnpes,  S. 

agilis. 
Diopsis,  L.  (Sphyracephela,  Say.) 

breyicornis,  S. 
Sepsis,  Fallen. 

cylindrica,  P; 

potris,  L. 
Ortalis,  Fallen. 

cerasi,  L 
•  colon. 

naphera. 
Trypeta,  Meig. 

sepentaria. 

tribulis. 

quadrifasciata. 

trifasciata. 

einctipes. 

albiscatellata. 

picta,  P. 
Lauxania,  Latr. 

lapsans. 
Lonch»a,  Fallen. 

polita. 
Phora,  Latr. 

velox.- 

HIPPOBOSCIADJE. 

Olfersia,  Leach, 

Americana,  Leach. 

X.— APTERA. 
Pulex,  L. 

irritans,  L. 
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The  first  edition  of  the  preceding  list  of  insecU  was  chiefly  preoared  during  the 
year  1830 ;  but,  before  its  publication  in  1833,  ail  the  species,  whether  named  or 
not,  which  were  included  in  the  several  orders,  were  enumerated  as  below. 

I.  Coleoptera  994 

II.  Orthoptera  44 

III.  Hemiptera  102 

IV.  Omoptera  54 
V.  Neuroptera  91 

VI.  Hymenopetera  388 

VII.  Lepidoptera  428 

VIII.  Strepsiptera  1 

IX.  Diptera  '    247 

X.  Aptera  1 


I  believe  this  to  be  the  first  instance  in  which  the  public  has  been  presented 
ivith  any  thing  like  a  complete  Ust  of  the  insects  of  any  part  of  our  country ;  * 
and,  in  making  this  and  the  subsequent  attempt,  I  have  had  before  me  not  one  of 
the  numerous  catalogues  of  insects  which  have  been  published  in  Europe.  Many 
of  the  most  valuable,  important,  and  standard  works  on  Entomology  are  known 
to  me  only  by  name !  they  are  beyond  the  means  of  an  individual  to  procure,  and 
are  not  to  be  found  in  our  public  libraries,  which  are  lamentably  dencient  in  the 
most  approved  works  on  this  subject  In  the  present  state  of  the  science,  ento- 
mology cannot  advantageously  be  pursued  witnout  books,  and  collections  from 
other  countries  for  study  and  comparison:  for  the  want  of  these  the*second^edition 
of  this  catalogue,  thougn  much  enlarged,  is  very  far  from  being  complete ;  'a  ereat 
number  of  our  insects  have  necessarilj  been  left  without  names,  it  bemg  found  im- 
possible, without  consulting  authorities  inaccessible  to  me,  to  refer  them  even  to 
their  proper  genera.  This  is  more  particularly  the  case  with  the  Lepidoptera, 
the  list  ot  wych  is  now  reprinted  without  alteration  from  the  first  copy. 

To  the  names  of  insects,  which  have  been  ascertained  by  means  or  published 
descriptions,  are  annexed  the  names  or  initials  of  the  Jirst  describers,  together 
with  some  of  the  most  common  Synonyms  which  have  been  imposed  by  subse- 
quent entomologists.  Those  without  such  authorities  are,  so  far  as  I  can  ascer- 
tain with  my  limited  means  of  information,  new  species,  which  remain  to  be  de- 
scribed hereafter.  In  those  cases  where  two  or  three  different  names  have 
been  proposed  for  an  undescribed  intect  I  have  thought  proper  to  retain  them,  on 
account  of  the  uncertainty  as  to  which  will  be  finally  adopted  and  sanctioned 
when  the  insect  is  described. 

Mr.  Say,  the  author  of  the  ^American  Entomology,'  has  done  me  the  honor 
to  name  a  large  number  of  my  new  species,  and  has  rendered  me  important 
assistance  in  determining  many  of  the  genera,  particularly  in  the  orders  Omop- 
lera  and  Diptera. 

It  is  not  improbable  that  some  species,  which'are  to  be  found  in  collections  inthis 
vicinity,  are  omitted  in  the  catalogue;  for  in  drawing  it  up,  (with  the  exception 
of  a  few  renmrkable  insects,  whicn  a  single  examination  sufficed  to  determine 
and  ^  in  the  recollection,)  I  have  deemed  it  expedient,  on  account  of  the  impor- 
tance of  havine  them  always  accessible  for  the  purpose  of  examination  and  com* 
parison,  to  connne  myself  to  the  insects  in  my  own  collection.  I  have  included  in 
the  catailogue  some  insects  which,  though  iound  beyond  the  boundaries  of  the 
State,  may  eventually  be  detected  in  Massachusetts.  For  these,  and  an  immense 
number  of  duplicates,  I  am  indebted  to  my  friend  the  Rev.  L.  W.  Leonard  of 
Dublin.  N.  H.,  who  has  still  more  increased  my  obligations  to  him  by  his  disin- 
terestM  liberality  in  sendingme  even  the  rare  and  undescribed  insects  of  which 
he  possessed  noduplicateK.  Dr.  D.  S.  C.  H.  Smith  has  kindly  supplied  me  with  a 
suit  of  insecbt  from  Sutton,  Mass.,  among  which  were  nearly  a  nundred  species 
new  JO  my  collection.      My  acknowledgments  are  due  also  to  Wm.  Oakes,  Esq., 

*  The  Caialoriie  of  the  Rrv.  F.  V.  Melshcflnier,  the  only  one  which  has  ever  been  published,  is  con- 
flnetf  tu  the  Cofoofncra,  aiid  wu  prime*!  at  Hanotr,  Penn«yl  vaula:  in  1M6. 
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of  Ipswich,  pftrticalarly  for  the  water-beetles;  and  to  Prof.  N.  M.HeiUz,  formerly 
of  Northampton,  to  Drs.  Pickering,  Qoold,  and  J.  S.  C.  Greene,  Mr.  John  Ran- 
dall, Mr.  T.  Ifnttall.  Mr.  John  Bethnne,  and  Miss  D.  Dix,  for  several  interesting 
insects.  Even  witn  these  valuable  accessions  the  present  list  must  fall  very  far 
short  of  the  actual  number  of  species  or  kinds  existing  in  this  Commonwoltiu 
The  proportion  of  insects  to  plants  has  been  stated  to  be  six  species  of  the  former 
to  one  of  the  latter.  The  flowering  plants  of  Massachusetts  amount  to  above 
1900  species ;  hence  our  insects  cannot  oe  much  less  in  number  than  TOGO  species. 

T.  WILUAM  HARRIS,    • 

LUn'arian  of  Harvard  Universil^. 
Cambridge,  (Mass.)  Oct.  16, 1334. 


IX.— RADIATA. 

This  extensive  class  of  animals  has  yet  received  but  little  attention  in  Massa- 
chusetts ;  comprehending,  as  it  does,  creatures  of  not  much  use  to  man,  and  for 
the  most  part  mhabiting  places  out  of  the  reach  of  common  observation.  In  re- 
spect to  some  of  them,  also,  it  seems  not  yet  to  be  agreed,  whether  they  ought  to 
be  regarded  as  animals  or  plants.  Through  the  assistance  of  Or.  Gould,  I  am 
able  to  men^on  a  few  ^era  and  species.  But  I  hope  the  deficiency  of  the  list 
will  lead  those  naturalists,  who  are  favorably  situated  for  examining  these  ani- 
mals, to  enlarge  and  perfect  it. 

L— ECHINODERMATA, 

Aaterias. 

spinosus,  Say.    Sea-Siar.  Whole  coast 
Echinas. 


rulatus,  Say.  aea^rehin.       do. 


Scutell 

pentaphora.    Beaches  on  the  whole  coast. 

CLASS  II.— ENTOZOA. 

Filaria. 

man  V  species. 
Tricocephaius. 

dispar,  Rudolphi:   Inhabiting  man. 
Aacaria. 

Inmbricoides,  Lin.  do. 

vermicularis,  Lin.  do. 

mystax,  Rod.  Inhabiting  the  cat. 
£trongylu8. 

gigas,  Rud.    Kidneys  of  the  Mink,  d&c. 
Planaria. 

several  species. 
Tsnia. 

^"^     j     Tape  Worm,  in  man. 

Tenia. 

inhabiting  the  cat.^ 
Cysterus. 

cellulosse,  Gmel.  On  hogs,  prodaang  measles. 
CsBirarus. 

cerebralis,  Gmel.    Brain  of  Sheep,  producing  the  staggers. 


Digitized  by  VjOOQ IC 


Radiata.  603 


CLASS  III.— ACALEPHA. 

Cyanea. 

aurita.  L.  Sun  fish— common, 
one  otner  Medusa. 

CLASS  IV.— CARNOSI. 

Actinia. 

mar^inata,  Say.   NahanL  iS^a  anema  ne. 
Lucernaria. 

one  species.  ITorthern  coast. 

CLASS  v.— POLYPI. 

Flustnu 

one  species,  on  sea  weed,  &c. 
Corallina. 

officinalis,  attached  to  rocks  shells,  dbc. 
Spongia. 

racemosa.    Chelsea  Beach. 

flayiatilia,Lbinponds.Leverett,dtGhesterfield. 

one  more,  Boston  Harbor. 

CLASS  VI.— INFUSORIA. 

Vibrio. 

glntinis,  paste, 
aceti,  vinegar, 
and  nomeroQs  other  species. 
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X.-CATAF-OGUE  OF  PLANTS, 
GROWIN(i  WITHOUT  CULTIVATION. 

In  the  arrangement  of  the  following  Catalogue,  I  have  followed, — ^as  the  latest 
and  moRt  accurate, — the  Natural  System  of  Prof.  Lindley,  as  adapted  to  North 
American  Plants  by  Prof.  Torrey.  The  sources  Arom  which  I  have  derived  ma- 
terials for  constructing  this  list,  are  mainly  the  following ;  First,  Professor  Bige- 
low's  *  Collection  of  Plants  of  Boston  and  its  vicinity.'  (1824.)  Secondly, '  A 
Catalogue  of  Plants  Growing  without  cultivation  in  the  vicinity  of  Amherst 
College ;'  (18S29,)  with  such  additions  and  corrections  as  I  have  been  able  to 
make  since  the  time  of  its  publication.  Thirdly,  Professor  Dewey's  Catalogue 
of  Plants  found  in  the  County  of  Berkshire,  (1899,)  inserted  in  the  History  of 
Berkshire.  Fourthly,  the  manuscript  communications  of  Thomas  A.  Greene 
Esq.  containing  a  notice  of  such  plants  as  he  has  discovered  in  the  vicinity  of 
New  Bedford  and  on  the  Island  of  Nantucket,  not  mentioned  in  the  last  edition 
of  Bigelow's  *  Florula  Bostoniensis.' 

To  the  Latin  or  scientific  names  of  the  plants,  I  have  attached  their  common 
names,  whenever  I  could  ascertain  that  they  have  excited  attention  enough  to  re- 
ceive a  common  name.  But  it  will  be  seen  that  comparatively  few  of  oar  pUuit<k 
have  received  common  names. 

When  a  capital  A.  is  attached  to  a  species,  it  implies  that  the  plant  grows  in 
the  vicinity  of  Amherst :  B.  implies  that  it  occurs  in  the  vicinity  of  Boston:  N. 
B.  that  it  is  found  in  the  region  around  New  Bedford :  and  B— e  that  Berkshire 
Coimty  is  its  place  of  growth.  In  other  cases,  especially  where  the  species  is 
very  rare,  the  name  of  the  town  where  it  occurs  is  mentioned.  When  no  local 
designation  is  annexed,  t  have  reason  to  suppose  that  the  plant  may  be  foimd  in 
any  part  of  the  State  of  considerable  extent.  In  some  of  the  flowerless  plants, 
however,  there  is  an  exception  to  this  remark ;  as  will  be  mentioned  under  Mas- 
coideae. 

In  reducing  our  plants  to  the  Natural  Orders  I  have  received  the  assistance  of 
Dr.  John  Blodget  of  Amherst. 
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ABBREVIATIONS. 

?  Indicates  a  doubt  as  to  the  species. 

^  Prefixed  to  those  plants  that  have  been  introduced  or  naturalized. 

Names  of  Botanical  Writers. 

AiL  for  Alton. 

Brid.  —  Bridel. 

Big.  —  Bigelow. 

R.  Br.  ^  R.  Brown. 

Bull.  —  BuUard. 
De.  Oand.        —  DecandoUe. 

Des.  —  Desfontaines. 

Dicks.  —  Dickson. 

Dill.  —  Dillenius. 

Ehrh.  —  Ehrhart. 

Ell.  —  Elliott. 

Fr.  —  Fries. 

Hall.  —  Haller. 

Hedw.  —  Hedwig. 

rHerit.  —  THeritier. 

Hook.  —  Hooker. 

Hoffm.  —  Hoffman. 

Jacq.  —  Jacquin. 

Lamb.  —  LAmbert. 

L.  —  Linnaeus. 

Ltnd.  —  Lindley. 

Lmk.  —  Lamarck. 

Mx.  —  Michauz. 

Mx.  f.  —  Michaux  filius. 
Muhl.         ^    —  Muhlenberg. 

NutL  —  Nuttall. 

P.  de  B.  —  Palisot  de  Beauvois: 

Pers.  —  Persoon. 

Ph.  —  Pursh. 

Raf.  —  Rafinesque. 

Rich.  —  Richard. 

Salis.  —  Salisbury. 

SchaefT.  —  Schaeffer. 

Schk.  —  Schkuhr. 

Schrad.  —  Schrader. 

Schreb.  —  Schreber. 

Schw.  —  Schweinitz. 

Sibth.  —  Sibthorp. 

Sm.  —  Smith. 

Spreng.  —  Sprengel. 

Sw.  —  Swartz. 

Tor.  —  Torrey. 

Toum.  —  Tournefort. 

Vent.  —  Ventenat. 

Walt.  —  Walter. 

Wang.  —  Wangcnheim. 
Web.  &  M.     —  Weber  &  Mohr. 

W.  —  Wiildcnovi'. 
75 
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CLASS  I— VASCULARES, 

OR 

FLOWERING  PLANTS. 

SUB  CLASS  I— EXOGENiE  OR  DICOTYLEDONS. 
TRIBE  I.— ANGI0SP£RB1£. 
1  Poljfpetalous,  Apetalous,  and  Acklaw^ffdeous  Plants- 

▲RALIACEJE. 

Aralia,  L. 

hispida,  Mx,  Bristly  Stem  SarsapariUa. 

nuuicaulis,  L.  Wild  SarsapariUa. 

racemosa,  L.  Spikenard, 
Panax,  L. 

quinquefolium,  L.     Oinseng.    A. 

trifoUum,  L.  Dwarf  Grav/nd  NiU. 
VMB£LLIFER£. 

^thusa,  L. 

f  cynapium,  L.    FooVs  Parsley.    Boston. 
Angelica,  L. 

atroporpurea,  L.  iriquinata,  Big.  AngeUea. 
Cicuta,  L. 

butbifera,  L.    BvXbifertms  Cicuta. 

maculata,  L.  American  Hemlock. 
Conium,  L. 

macalatum,  L.    Poison  Hemlock 

crantzia,  Nutt. 
Crantzia,  Nutt. 

llneata,  Nutt.  Near  Boston :  found  by  Mr.  Nuttall.     B.  D.  Qreene  Esq. 
Cryptoteenia,  De  Cand. 

Canadensis,  De  Cand.  Sison,  L.  CkaerophyUum,  Pers.  Hone  Wort  B/fock 

[SamcU. 
Daucus,  L. 

icarota,  L.  Carrot.    B— e. 
Discopleura,  DeCand. 

capiliacea,  De.  Cand.  Ammi  capUlaceum,  Spreng.  Bishop-  Weed.  N.  B. 
Heracleum,  L. 

lanatain,Mx.  Cow  Parsnip. 
Hydrocotyle,  L. 

Americana.  L. 

umbeUata,L.    B. 

vulgaris,  Mx.  N.  B. 
Ligusticum,  L. 

scoticum,  L.  6.  Sea  Lavage. 
Osmorhiza,  Raf  Uraspermum,  Nutt.    Scandix,  Muhl 

longistylls,  De  Cand. 

brevistylis,  De  Cand.    Sweet  Cicely. 
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Paatinaca^L.  Parmip, 

f  sativa,L. 
Sanicala,  L. 

luCafikindica,  L.  Sanicle. 
Slum,  L. 

latifoUam,L.   Water  ParstUp, 

lineare,  Mx. 
Snyrniam,  L. 

aareum,  L.  Sison  awreus^  Spreng,  T%aspiimaureuiny  NutLMeadmo 

[Parsnip,  A. 
RANUHCULACEJS. 

Actsa,  L. 

alba,  Big. 

racemosa,  L.  Cmicifuga  urpetUaria^  Ph,  Black  Sruike  Root.  B— e 

rabra,  Willd.  Bane^rrf.  [Mn  Bl.  A.  Curtis. 

Anemone,  L. 

nemorosa,  De  Cand.  Low  Anemone. 

thalictroides,  L.     Une  Anemone,    ThaliUrvm  anemonoides.  Afo. 

y iijE^Iniana,  L.  Wind^Fiower. 
Aquilegia,  L. 

Caaadenaia,  L.    ColmiHne, 
Atragene,  L. 

Americana,   Sims.    Altragene.    CUmaHs  verUciaaru^  De  Cand. 
Caltha,  L. 

ptdostris,  L.   Cowslip. 
Clematis,  L, 

Yirgiiuana,  L.  Virgin^ s  Bower. 
Coptis,  Salisbury. 

trifolia,  Salis.  Gold  T%read, 
Hepatica,  W. 

triloba,  W.  Liverwort. 
Ranunculus,  Lu 

abortivus,  L. 

acriSjL.  Buttercup. 

bulbosns,  L. 

cjrmbalaria.  Ph. 

fascicularis,  Mohl. 

filiformia,  Mx.  reptans^L. 

flammula,  L.    Spear  Wort. 

flnvitalis,  W.    River  Crowfoot. 

hirsutus,  Curtis,  B— e. 

multifidns.  Ph.  B. 

Pennsylranicns,  L.  B. 

recurvatus,  Ph. 

repens,  L. 

sceleratns,  L.  Celery  Crowfoot. 
Thalictrum,  L. 

dioicum,L.  Meadow  Rue. 

comnti,  Hooker,  pubescens  Ph.  revoUUum^  De.  Cand. 

PAPAVBRACEJB. 

Chelidonum,  L. 

majus,  W.    Celandine. 
Sanguinaria,  L. 

Canadensis,  L.  Blood  Root. 
NYMPHiEAGBJC. 

Nymphaea,  L. 

odorata.  Ait.     White  Pond  Lily. 
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Nuphar,  Sm. 

ad7ena,Ait.     YeUow  Water  Lilif. 
kalmiana,  Ait. 

HTDROPELTlDEf. 

Hydropeltis,  Mx. 

parparea,  Mz.     Water  ^Siield. 

PODOPHYLLEJB. 

Podophyllum,  L. 

peltatam,  L.    May  Apple, 

CRVCIFERJ:. 

Arabia,  L. 

falcata,  Mx.     Canadensis^  L. 

hastata,  L.    Bairy  Tower  Mustard, 

hirsuta,  Smith.     Turritis  hirsuia^  Jaca. 

rhomboidea,  Ph.  B.    Cardamine  rkonuHfidea,  De  Cand, 

thaliana,  L.  Spring  Cress,  B— e. 
Barbarea,  R.  Brown. 

vulgaris,  R.  Br.    Erysimum  barbarea^  L.     Water  Radish. 
Brassica,  L. 

§  napns,  L.    Kale. 
Cakile,  L. 

Americana,  Nutt.    Buniasmaritima^  Pk,  B.  Am.  Sea  Rocket. 
Cardamine,  L. 

Pennsylvanica,  W.     Water  Cress. 

Virginica,  W.  B — c. 

teres  1  Mx.    A.    Dr.  G.  White. 
Cochlearia,  L. 

§  armoracea,  L.    Horse  Radish. 
Dentaria,  L. 

diphylla,  Mx.     7\toth  Root.  A. 

laciniata,  A.  Muhl. 
Draba,  L. 

arabizans,  Mx.  B— -e. 
Erophila,  De  Cand. 

vulgaris,  De  Cand.    Draba  vema.  Ph.    Whitlow  Grass. 
Lepidium,  L. 

Virginicum,  L.     Wild  Peppergrass, 
Nasturtium,  Brown. 

amphibium,  Brown.  Sisynibriwn  amphibium,  L.  Water  Radish. 

officinale,  Brown.    Siaywbrvumnastwrtvwm^  L,  English  Water  Cress, 
Raphanus,  L. 

f  raphanistram,  L.    Cadlock,  Wild  Radish, 
Sinapis,  L. 

§  nigra.    Mustard,  L. 
Sisymbrium,  Allioni. 

officinale,  De  Cand.  Erysimum  officinale^  L,  Hedge  Mustard. 
Thalspi,  L. 

bursa-pastoris,  L.    Shepherd's  Purse, 

campestris,  L.     YeUowseed, 

FUMAR  lACEJC. 

Corydalis  Vent. 

fungosa,  Pers.   Adltmiacirrhosa,  Raf.  Climbing  Colic  Weed. 

glaaca,  Ph. 
Diclyira,  De  Cand. 

cucuUaria,  De  Cand.  Corydalis  cucuUaria.Pers.    Colic  Weed, 

formosa,  Dc  Cand.  A.  Corydalis  formosa,  Ph. 
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Fumziria,  L. 

§  officinalis,  L.    Fumitory. 

MAGNOLIAC££. 

Liriodendron,  L. 

tulipifera,  L.     T\dip  Tree,    A.  and  N.  B. 
Magnolia,  L. 

glaaca,  L.    Beaver  l\ee.    Swamp  Laurel.     Gloucester. 
LAUR1NE£. 

Laurus,  L. 

benzoin,  L.    Spice  Bush.    Pever  Bush. 
sassafras,  L.    Sassafras. 

BBRBERIDEJE. 

Berberis,  L. 

vulgaris.  L.  Barberry.  L. 
Leontice,  L. 

thalictroides,  L.     CaulophyUtm  Uudictroides^  Mx.  Poppose 
Boot.    Cohosh.  * 

MEN1SPERMEA5. 

Menisjpermum,  L. 

Canadense,  L.    Moonseed.  A. 

MALVACEIE. 

Althsa,  Li. 

officinalis,  L.    Marsh  Mallows.    B.  and  N.  B. 
Hibiscus,  L. 

palostris,  L.  B.  Mursh  Hibiscus. 
Malva,  L. 

rotnndifolia,  L.    Low  Mallows. 

§  sylvestris.  L.    High  Mallows. 
•Sida,  L. 

abntilon,L,    Indian  Mallows^  A. 

TILIACEJE. 

Tilia,  L. 

glabra,  Vent.    Bass  Wood. 
pabescens,  Ait    Americana,  Waltj    Bass  Wood, 
HTPERICINBJ:. 

Hypericum,  L. 

angnlosum,  Mx. 

ascyroides,  W.    Saint  John's  Wort. 
Canadense,  L. 
cor]rmbosum,  W. 
cjrstifoliom,  Lmk.  A. 

parvifloram,  W.  ^ 

perforatum,  L.    Saint  Jokn's  Wort. 
sarothra,  Mx.    Sarothra  gentia/naideSj  W. 
Yirginicam,  L.    Elodea  caanpawulata,  Ph. 
SAXIFRAOBJE. 

Cbrysosplenium,  L. 

Americanum,  Hooker,  opposibifolinm,  L.   Golden  Saxifrage. 
Mitella,  L. 

cordifolia,  L.  B — e. 

diphylla,  L.    Currant  Berry.  A. 
Parnassia,  L. 

Caroliniana,  Mx.    Parnassus  Grass. 
Saxifraga,  L. 

Pennsylvanica,  L.     Water  Saxifrage. 

Virginiensis,  Mx.    Bock  Saxifrage. 
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Tiarella,  L. 

cordifolia,  L.    MUre  Wort, 

HAMAMBLIDB£. 

Hamamelis,  L- 

Yirginica,  L.     WiXtK  Btkzel. 

0R0S8ULACEJB. 

Ribes,  L. 

cynobasti,  Jacq.    B— c.  WUd  Choseberry. 

mcile,  Mz.  A. 

floridum,  I'Herit.    Black  CurraiU, 

lacustre,  Ph.  A.  A.  B — e.  Gooseberry. 

prostratnm,  L  Herit.  A. 

rigens,  Mx.  B.  6l  A. 

triflornm,  W.     Wild  Gookberry. 

trifidam,  Mx.  B— e. 

CACTBJB. 

Gactas,  L. 

opoDtia,  L.  Nantucket  T.  A.  Greene.    OpwUia  vulgaris,  De  Cand. 

[PruMy  Pear. 

ONAORARIJB. 

Epilobium,  L.  ^ 

coloratum.  Muhl. 

lineare,  Muhl.    rosmarinifoUvmt  PA. 
moUe,  Torrey.  A. 
palnstre,  L.  B— e. 

3;icatam,  Lam.    WUIoid  Herb. 
ia,  L. 
palnstris.  L.     Waier  P%rsUim£. 

altemifolia,  De  Cand.    lA/dwigiaalUmifoiia,  L.    Seed  Box. 
<EDOthera,  L. 

biennis,  L.  Scabish,     Tree  Primrom. 
chi]rsantha.  Mx.  B— e.    var.  of  <E.  pumila  7 
fraticosa,  L.  Plymouth.  T.  A.  Greene, 
pumila,  L 

HALORAOBJB. 

Myriophyllum,  L. 

ambiguum,  Nattall.   N.  B. 

procumbens,  Big.  Danvers. 

spicatum,  L.  B. 
Myriophyllum. 

tenellnm,  Big.  Tewksbury  and  Plainfield. 

verticillatum,  L.   Water  MUfoU. 
Proserpinaca,  L. 

palustris,  L.  Msrmaid  Weed, 

pectinacea,  Lam.  N.  B. 

CIRCAACKJB. 

CircflBa,  L. 

alpina,  L.  EnckatUef^s  NigU  Shade. 
lutetiaka,  L.  Caimdmms,  MM. 
LOASBAB. 

Centaurella,  Mx. 

.  paniculata,  Mx.    Bartowa  pamculata,  MM.  Screw  Stem. 

8AL1CAR1AB. 

Aminannia,  L. 

hnmilis,  Mx.  B. 
Guphea,  Jacq. 

vicosisima,  Jacq.  Pittsfield.  Dr.  G.  White. 
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Ly thrum,  L. 

hyssopifolium,  L.  B. 

salicaria.  Ph.  N.  B.  ^   . 

verticillatum,  L.  Decodon  veriieilUUum,  Ell.  Swawp  tcilUne  Herb. 

MELASTOMACBJE. 

Rhexia,  Brown. 

Yirginica,  L.  Meadow  Beauty.  Deer  Grass. 
▲RISTOLOCHI^. 

Asarum,  L. 

Canadense,  L.  Wild  Ginger. 

8ANTALACEJE. 

Nyssa,  L. 

biflora,  Walt.  Sour  Gum,  A.  and  Plymouth.  T.  A  Qreene. 

yillosa,  Mx.  Sour  or  Black  Gum. 
Thesiam,  L. 

umbellatum,  L.  False  Toad  Flax. 
TRYMELEf. 

Dirca,  L. 

palastris,  L.  Moose  Wood.  Leader  Wood. 
8ANOUIS0RBE£. 

San^isorba,  L. 

Gaaadensis,  L.  Bumei  Saxifrage.  A.  9l  B. 

ROSACEJB. 

Agrimonia,  L. 

^      eupatoria,  L.    Agrimow^. 
Amelanchier,  De  Cand. 

bot]Taplam,De  Cvh^LAroniahotTyofvum,  L, 

ovaiiSjDeCand.  Aro.  ovaUs^  Pers. 

sangumea,  De  Cand.  Pyrus.  sang.  Pk.     Western  part  of  the  State  7  Big. 

Comaropsis,  Rich. 

fragrarioides,  De  Cand.  B~e  and  A.  IkdibardafragrarundeSy  Mx. 
Dalibarda,  L. 

repens,  Lmk.   Greenfield  and  Princeton. 
Fragraria,  Tourn. 

Yirginiana,  L.  Strawberry. 
Geum,  L. 

rivale,  L.    Purple  Avens. 

strictum,  Ait.    Upright  A^nens. 

Virginianom,  L.  Avens. 
Potentilla,  L. 

anserina,  L.  6. 

argentea,  L.  Silver  Five  Finger. 

Canadensis,  L.  Five  Finger. 

confertiflora,  Torrey.  BooHa  sylvestHs,   Big.  Geum  argnmonoides, 

fraticosa,  L.  r  »& 

norwe^ciLL.  Cinquefoil.  ' 

p9Xastn8,Scap.Comarvmpaiudre,L.  B-e&  B. 

simplex,  Mx.  B. 

iridentata,Ait.  Hoosic  Mountain  AWachusett. 
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Rosa,  L. 

corymbosa,  Ehrh.  CaroVum.L.  Stramp  Pose. 

lucida,Ehrh.  B— e. 

micrantha,  8m.  B. 

parvlflora,  Ehrh.  Caroliniana,,  Mx. 

1  rubiginosa,  L.  Sioent  Briar. 
Rubus,  T^ 

Canadensis,  L. 

frondosas.  Big.  B. 

obovalis,  L. 

occidental  is,  L.    Black  Raspberry. 

odoratus.  L.    Flowering  Raspberry. 

setosus,  Big.  B. 

strigosus,  Mx.    Red  Raspberry. 

saxatilis,Mx.    Stone  Raspberry.   B. 

trivalis,  Mx.  sentpermrens^Big  ?  Deicberjy. 

villosus,  Ait.     Blaekberry. 
Spirca,  L. 

salicifolia,  Mx.  Hard  Hack. 

tomentosa,  L.    Steeple  Busk. 
POMACES. 

CrataBgus,  L. 

coccinea,  L.    TAor»  Bush. 

crnsgalli,  Ait.  B.   Thorn  Btish. 

piiQCtata,  Jacq.    T%om  Bush. 
Pyrus,  L.     Aronia,  Pers. 

Americana,  De  Cand.  Sorbus  Americana.  Ph.  Mountain  Ash. 

arbutifolia,  Var.  melanocarpa.  Tor. 
amyodalea:. 
Cerassus,  Juss.    Prunus,  L. 

borealis,Mx.  P.  boreaUs,  Ph.Choke  Cherry. 

Canadensis,  De  Cand.  P.  Canadensis,  W. 

depressa,  De  Cand  P.depressa^P^.Sand  Cherry. 

paoescens,  De  Cand.  P.  liUoralis,  Big, 

pomiia,  Mx.  P.  pwnUa,  Lam. 

serotina,  De  Cand.  P.  seroUna,  Ph.  non  W.  ehovala^Big. Choke  Cherry 

Virginiana,  Mx.  P.  Virg.  L.  Wild  Cherry. 
Prunus,  L. 

Americana,  Marshall.     WUd  PUtm.    A. 

mollis,  Tor.    B— e. 

LEGUMINOSEA. 

Amphicarpa,  De  Cand. 

monoica.  Ell.  GlycinePea  Vine,  nununca,  L. 
Apios,   Ph. 

tuberosa,Moench.  Ground  Nut.Cflycine  apios  J^^ 
Baptisia,  Vent. 

tinctoria,  R.   Brown.   Wild  Indigo. 
Cassia,  L. 

chamaecrista,  L.    Partridge  Pea. 

Marilandica.L.    WUd  SenTui. 

nictitans,  L.  Hadley,  Springfield,  and  N.B. 
Crotolaria,  L. 

sagittalis,  L.  Rattie  Box. 
Genista,  Lam. 

tinctoria,  L.  Dyer's  Weed.    B. 
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Hedysarum,  L.  Desmodium,  De  Cand- 

acaminatam.  Mx. 

bracteosam,Mx. 

Canadense,  L.    BumK  Trefoil. 

ciliare,Nmt.   B— c. 

cospidatDm  1  W.  B. 

hnmifusiini,  Muhl. 

nudiflormiL  L. 

obtusum,  Mtthl.  A.  andN.  B. 

paniculatam,  L. 

rotnndifoliiun,  Mx. 

Tiridifloram,  L. 
rLatbyrus,  L. 

palustris,  L.  B. 
^Lespedeza,  Mx. 

ang]a5lifolia,Ell.  Plymoath,  T.  A.  Greene. 

capitata,  Mx. 

poiystachia,  Mx. 

procambens.  Mx. 

proatrata,  Ph.  B. 

reticulata,  Pers. 

sessiliflora,  Nmt. 

riolacea,  Pars. 
Lupitius,  L. 

perennis/L.    Wild  Lupiiu. 
Medicago,  L. 

lupuUna,  L.  B. 
PbaBeolus,  L. 

trilobns,  Mx,  B.    Bwn  Vim. 
Pisum,  L. 

maritiam,  L.  Sea  Pm.  B.  Laikyrus  ndttUimm^  Big, 

Robinia,  L. 

pseodacacia,  L.  LocuA  TVm. 
Tephrosia,  L. 

Yirginiaiia,  Pen.  0a2<^  Ttr^ntana,  Xw  Peri.    Chat's.  Ru€, 

Trirolium,  L. 

agiariam.L.  -  Cuminiiigton. 

ar^ense,  L.    PieU  Clover, 

officinale^L.  BikliMus  oficinahSf  W,  MsUlat, 

pratense,  L.   Red  Clover, 

proccunbeiis,  L. 

repens,  L.     WkiU  Clover. 
'Vicia,  L. 

cracca/L.     Veick, 

pusilla,  MnhL  B,Ervimt€trafperinHmf  L. 

sativa,  L.    TVmv. 

.VRTICEM, 

BoBbmeria,  W. 

cylindrica,  W.    False  NetOe. 
■Humulus,  L. 

Inpulos,  Lb  Hep, 
Parietaria,  L. 

Pennsylvanica,Muhl.SaganloaCi)eerfield. 
JJrtica,  L. 

Canadensis  L.  Yi?Uow  Wee/ie.    A. 
uiioica,  L.    Common  Nettle. 

16 
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Urtica,  L. 

procen,  Mahl.  B— e. 
pttmila.L.  StingUss  NetUe. 
urens,  L    D»a^  Stinger. 
VLUACEM. 

Celtis,  L. 

occidentalism  L.    Nettle  TVve.  Deerfield  and  Waltbaa. 
UlmuB,  Lu 

Americana,  L.    Elm. 

fulva,  Mx.    l^ippery  Elm. 
▲RTOCAEPBJB. 

Morus,  L. 

Mba^L.     WkiU  Mulberry. 
rubra, L.    Red MuXberry.   Deerfield? 
CVPULIFBRJE. 

Caslanea,  Toura. 

Americana,  Biz.    Chetw^. 
Corylus,  L. 

Americana,  Walt  BazaNul. 

ro6trau^  Ait    BeaJeed  Buzel  N%L 
Fagus,  L. 

ferroginea,  Ait    Beech  Tree. 
dnercus,  L 

alba.  L.    Wkiie  Oak. 

bicolor,  W. 

ambigual  B4x.  etfil. 

banisteri,  Mx.    Skrub  Oak. 

Goccinea,  Wang.    Scarlet  Oak. 

montana,  W.    CkesunU  Oak. 

palustris,  W.    Pm  Oak.  A. 

prinos-chinchapin,  Bfx.  A.    Chinquapin,  S  to  6  feet  higb. 

prinos-discolor,  Mz.  Sufomp  While  Oak, 

rubra,  L.  Red  Oak. 

tinctoria,  Mz.    Black  Oak. 
BBTVLINEiB. 

Alnus,  W. 

glutinosa,  L.    A. 

serrolata,  Willd.    Alder. 
Betala,  L. 

ezcelsa.  Ah.     Yell&w  Birch. 

fflandulosa,  Mz.  B— e.    Shirnb  Birch. 

lenta,  L.    Black  Birch. 

papyracea,  Ait  Canoe  Birch. 

popolifoUa,  Ait.     White  Birch. 

pumila,  L. 

rabra,  Mz.  &  fil.  nigra,  L.  Red  Birch.  B— e. 
Carpinus,  L. 

Americana,  W.  OfmBeam. 
Ostrya,  Mx. 

Virginica,  W.  Iron  Wood.  HapmnAeam. 
SALICINEJS. 

Populus,  L. 

balsamifera,  L.    Balsam  Poplar. 
candicans,  Ait.    Balm  of  CHlead. 
^  dilatata,  L.    Lombardy  Poji^ar.     ' 
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Populus,  L, 

grandidentata,  Mx.    Poplar, 

tremaloides,  B&x.    MHnUe  Poplar, 
Salix,  L.  Willow, 

k  Babylonlca,  L. 

conifera,  Wang. 

oordata,  MnliL 

discolor,  Willd.  B.   Bog  WiUow. 

eriocephala,  Mz.    Swamp  WUlow.    B. 

folcata,  Ph. 

grisea,  W. 

lacida,  Muhi. 

Mohlenbergiana,  W. 

myricoidcs,  MahL 

nigra,  Marsh. 

pedicellaris.  Ph. 

prinoides.  Ph.    B — e. 

ri^da,  Mohl. 

tnstis.  MuhL    B — e. 

vitellina,  L.    Yellow  Willow. 

▼iminalis,  L.    Osier  Basket  WiUow.  B. 
PLATANBJE. 

Piatanas,  L. 

occidentalis,  L.   Sycamore,  BuUon-Wood. 
MTRICEJL 

Comptonia,  Gaert. 

asplenifolia,  Ait.    Sweel  F^em, 
Myrica,  L. 

cerifera,  I*    Bay  Berry, 
gale,  L.    Sweet  Gale. 

JUGLANDEJB. 

Carya,  Nutt. 

alba,  Natt.  Juglans  squamosa^  Mz,  Common  Hickory. 
amara,  Nutt.  J.  amara^  Me,  Bitter  NtU.  Deerfield  and  Sheffield; 
porcina,  Nutt.      J,  porcina^  Mz,  PigNiU. 
Juglans,  L. 

cinerea,  L.    BuUemut: 
(nigra,  L.    Black  WalnuL 
EVPH0RB1ACBJE. 

Acalypha,  L. 

Vir^ica,  L.    7%ree  seeded  Msrcuryi 
Euphorbia,  L. 

macoiata,  L.    Spotted  Spu/rge. 

helioscopuu  L.  B. 

hypericifolia,  L. 

IwIygonifoUa,  L.    B. 

CBLA8TR1NEJB. 

Celastrus,  L. 

scandeDs,  L.    JF^Use  Bitter  Sweet. 
RHAMNEJL 

Ceanothus,  L. 

Americanus,  L.  iVeio  Jersey  Tea* 
Rhamnns,  L. 

alnifolins,  VRerii.  Dwarf  Alder.  Deerfield. 

fcatharticuSyL.   Buckthorn. 


Digitized  by  VjOOQ IC 


616  PUaUs  in  Mnnachuitiis. 

&TArBYLEACSJB. 

Stapbyleft/  li. 

Uifolia,  L.    BaUder  NHL  Mt.   Holfoke,  DeerfieM,  aii4  Weston. 

ACBRTNEJB. 

Acer,  L. 

d&syearpnm,-  W.    eriocarjmmf  Mx,  Stiver  MofU. 
Pennsylvanicum,  L.    si^iahm^Ma^,  S^rifeiM^lu  Me^W^^d. 
rabrum^  L.    Red  ASapU, 
sacchannom,  L.    Sdf^wr  Maple, 
spicatom,  L.    moniartmm,  Ait,  MimnlainMaipU  Busk. 
▼1TE8. 

Ampelopsis,  tSt, 

quinqaefolia,  Mx.    Cisms  ked4ratea  Pert,  Palm  Bfrmpt,  FSmJmgm, 
Vitis,  L. 

nstivaliS}  Mx.    iiUermediOf  JMU    Summer  Orape, 

eordifolia,  Blx.    wlyina  L.   ProA  Orape, 

lai^rusoa,  L.    Phm  Grape,    F\fz  Cfrape, 
ANACARDIACE£. 
RhU8»   L. 

aromatica,  Ait.    IiWid  Swrnach,    B— e. . 

eopaUina,  L.    Sumach, . 

^abra,  L.    Suenack. 

radicans,  L.    Peison  /^: 

toxicodendron,  L.    Poison  Ivy. 

typhina,  L.    Swnach, 

venenata,  De  Cand.    vemiz  L.  Poism  Sumatk,  Do"  W"^ 

ZANTHOXTLBJC 

Xanthoxyltira,^  L. 

fraxineum,  W:    Prickly  Ash. 

GBRAMlAttlLB. 

Geranium,  L. 

dissectom,  WUld.  B; 

macuiatam,  L.    Crow-Fbot  difraiivion. 

lobertianum,  L.   HerbRoberL 

OXALIDBA*. 

Oxalis,  L. 

acetoaella,  L.     Wood  Sorrel, 
strictflC,  L.     Yellow  Wood  Sorrei: 
violacea,  L.     Viol^  Wood  Sorrel. 

BALBAMINEA. 

Impatient,  L. 

ftdva.  Nutt    HJlora,  Ph,    Jewel  Weed. 
pallida,  Nutt    nolitangere,  Ph.  Touckme-not. . 
Pi01.TOAI.BJB. 

Polygalav  L. 

cmciata.  L.  R; 

paucifoUa,  W.    Flowering  WinUrwtetn, 
polygama,  Walt,    rubella^  MM, 
sanguinea,  L. 

▼^rticillata,  L.    Dwarf  Snake  Rod, 
riOLACBJB. 

1/Iiola,  Lu 

acuta,  Biff.    Band  A. 

blanda,W.    Smooth  Vioht. 

Canadensis,  L.    Woodi  Violet. 

cncnllata,  Ait.     Common  Violet. 

Muhlcnbergii,  Tor.  debilis,  Ph.     Spear  Violet.  B, 
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Fhwering  PkoU»..  C17. 

Viola,  L. 

lanccolata,  X^ 

obliqua  1  Schwein.     Weak  SUm  VioUt. 

striata.  Ait.  ockroUuca^  Schwein,    Amherst. 

ovata,  Nutt 

palmata,  L.    Bund  VioUU 

pedata,  L.    Bird  foot  Violet. 

pubescens,  Ait.     Yellow  Violet. 

rostrata.  Mahl.    Beaked  VioUt. 

rotandiiolja,  Mx.    Cfrovnd  Viokt. 

sagittata,  Ait.    Arrow  Violet. 

i  tricolor,  L.    Garden  VioUt* 

vUlosa,  Walt 

CISTINEiE. 

Helianthemum,  Tourn.    Cisttts,  £.. 

Canadense,  Mx.    Bock  Bose. 

ramnUflorain,  Mx.  N.  B. 
Uudsonia,  L. 

ericoides,  L.    F^alse  Heath.  Cape  God  and  Nantucket. 

tomentosa,  Natt.  B.  Povertff  Grass.    Cape  Cod  and  Nantucket 
Lechea,  L. 

major,  L.    Pin  Weed. 

minor,  L.         Do. 

racemnloea,  Mx.   Guistered  Pin  Weed. 

8ARRACEN1£. 

Sarracenia,  L. 

purpurea,  L.    Sidesaddle  Flower. 

DR08ERACBJE. 

Diosera,  L. 

longifolia,  L, 

rotundifolia,  L.^  fiteii  Dew. 
tenuifolia,  MuhL  B. 

LINXA. 

Linum,  L. 

Virginiannm,  L. .   Wild  Flax. 
CARTOPBTIUX. 

AgTostemma,  L: 

githago.  L.    Cookie. 
Arctnaria,  L, 

lateriflora,  Lb    Sand  Wort.  Springfield. 

marina,  Sm.    Canadensis,  Pers,    d. 

peploides,  L.  B. 

rubra,  L.  B.  d&  A. 

$  serpyllifolia,  L. 
Cerastium,  L. 

4  arvense,  L. 

hirsutimi.  Muhl.  A?    connatumt Beck, 

oblon^olium,  Torrey. 

('semidecandrum,  L. 

tenuifolium,  Ph. 

4  7i8C08am,L. 

TUlgatnm,  L    Chickweed: 
Cucubalus,  L. 

behen,  L. 

stelUtos,  L.  B.       Stof  Campion. 
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•*8  Plantiin  Manackvittti. 

Dianthus,  L. 

armeria,  L.  Pink,  B.  and  Banks  of  Cl.  River  near  Mt.  Tcan, 
Mollugo,  L. 

▼erticUlata,  L.    CatpH  Weed. 
Sagina,  L. 

procumbens,  L.  Pearl  Wort. 
Saponaria,  L. 

§  officinalis,  L.    Bouncing  JBet.    Soap  Wort 

yaccaria,L.    FSM  Soap  Wort,  Wmxmsto^n. 
Silene,  L. 

witirrhina,  L.  Sleepf  caUk  flf.    Snap  Dragon. 

Pennsjrliranica,  Mx.    PinkCaUhFlm. 
Spergula,  L. 

anrensis,  L.    Spurry. 
Stellaria,  L. 

lanceolata.  Torrey. 

loDffifolia,  Mahl.    Longleafed  SUinoort. 

media,  Smith.    AUine  meJta,  L.  Chichoeed. 
PORTULACEJB. 

Glaytonia,  L. 

Virginica,  L.    Spnng  BeauUf. 
Portulacca,  L. 

oleracea,  L.    Purslane. 

CRA88VLACB& 

Penthorum,  L. 

sedoides,  L.     Virginian  Orpine. 
1I.LSCEBREJB. 

Queria,  L. 

Canadensis,  L.    Anfchia  dicMotoma,  Ms,   Fork  CkLthy*^^ 
AMARANTHACBA.  *•««»«»«. 

Amaranth  US,  L. 

^blitnm.  Willd.  B. 

hybridns,  L. 

k  oleraceus,  lu'l  Pot  Amaranth. 

pumilus,  Nult  Nashawn  l3iand.  T.  A.  Greene. 

retroflexus,  L.    B.  B— c.  Mr.  M.  A.  Cartis. 

SCLBRANTHBf. 

Scleranthus,  L. 

annttus,  L.    Gravel  Ckickweed. 

CHBMOPODBJB. 

Acnida,  L. 

^  cannabina,  L.     Water  Bemp,  B. 
Atriplez,  L. 

arenaria,  Null.  N.  B. 

patnla,  L.  B. 
Bhtum,  L. 

capitamm,  L.    Strawberry  BUU. 
Cnenopodium,  L. 

falbam,L.    Pigweed.    Hogweed. 

f  botm,  U    Oak  of  Jenuatom. 

*  hybndnm,  L.     T)aU  Oooufoot. 

rhomWfoUum,  Muhl.  B.  Mr.  M.  A.  Curtis 
Sal'         •"*^^*    ^^^^Pigwed^JRedChosefoot. 

herbftcea,  L;    Samphire,    aiass  Wort.  B. 


Digitized  by  VjOOQ IC 


Fhwering  Plants.  619 

Salicornia,  L. 

mucronata,  Big.  B. 

ambigua,  Mx.    N.  B. 
Salsola,  L. 

Carolinia.  Mz,  B. 

salsa,  Mx.B. 

PHTTOLACCEJE. 

Phytolacca,  L. 

decandra,  L.    Poke  weed. 
POLTOONE£. 

Polygonum,  L. 

ampliibiiim.  L. 

ariiblium,  L.    Kniftweed. 

articnlatiun,  L. 

ariculare,  L    Joini  Weed, 

cilinode,  Mz. 

coccineum,  W.  B.  *  • 

conrolyolus,  L.    Bvnd  Knotweed. 

f  fagopynim,  L.   Bu>ck  Wheat, 

lapatlLifoliDm,  L.  A. 

mite,  Pers.     TasUUss  Knotweed. 

i  orientale,  L.    Prvnees  FetOhers. 

persicaria,  L.    BearVs  Ease. 

PennsylvanicTun,  N.  B. 

panctatimi,  Ell.    SUing  Knolweed. 

sagittatum,  L.    Prickly  Knotweed. 

scandens,  L.    dimbii^  Buck  wheal. 

tenae,  BCx.    ^lUnder  Knot  Grass. 

yirgiDianum,  L. 
Ruraex,  L. 

acetoseUa,L.    Field  SorreL 

aeatuBl  L 

Brittanicos,  L.  B. 

crispas,  L.    Dock. 

obtasifolias,  L.    Broad  Leaved  Dock. 

pallidas,  Big.  B. 

P0D08T0MEJB. 

Podostemum,  Mx. 

ceratophyllam,  Mz.     T%read  Foot.  A. 
CALLITRICHINEA. 

Callitriche,  L. 

linearis,  Ph.    A.  at  N.  B. 
▼enia,  Mnhl. 

OERATOPHVLLEJS. 

Ceratophyllum,  L. 

demersum,  L.    Nantacket.    ilomwoH. 
It — Monopetalaus  Plants. 

ILlClNSiB. 

Hex.  L. 

Canadensis,  Mx.    Nemopanthes  Canadensis,  De  Cand.  Mountain  Bollr 
opaca,  Alt    Evergreen  HoU/y.  B,  ^ 

PrinoB,  L. 

ambiguQs,  Mz.  B. 

glaber,  L.  B. 

verticillatus,  L.     Winter  Berrv.     Block  Alder. 
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6&0  Planit  in  Ma$$ackuuitr 

kricej:. 
Andromeda,  L. 

calycttlata,  L.  LuUktr  Leaf, 

Ugnstrina,  Muhl.     WkiUBusk. 

paaiculata,  Mx.  & 

polifoUa,  L.  A. 

racemosa,  Mz.  B. 
Arbutua,  L. 

«  ava  nrsi,  L.    Bmr. Berry. 
Azalea,  L. 

nudiilora,  L.    Rhododendron  wudi/orum,  Tor,    Honiy  SuclU. 

visoosa,  8.    P,  vitcod^f  TVnvy.     White  Benef  Snchle, 
Clethra,  L. 

alnifoUa,  L.     Spiked  AUer,  B.and  Worcester. 
Epigea,  L. 

repens,  L.     Trailing  AtUOui. 
Gaultheria,  L. 

•proeniiibeiis,  L.    Partridge  Berry. 
Kalmia,  L. 

angnstifolia,  L.    Sheep  Lamrel 

fflaaca,  Ait.    Swamp  Laurel, 

latifoiia.  L.    Laurel. 
LAsicopa,  Torrey,  MS. 

'  hispidola,  Tor.    OauUheria  hispidmlm^  MhM. 
Ledum,  L. 

latifoliam,  Ait.    Labrador  7W.    AmherU, 
Rhododendron,  L.  • 

maximam,  L.    American  Rose  Bay.     MedJUld4'  Dedham. 
Rhodora,  L- 

Canadensis,  L.    Poise  Honeyntekle.    A.  and  B. 
*TACCINSJB. 

Oxycoccus,  Pars. 

macrocarpos.  Ph.    Cranberry. 

vulgaris  1  Ph.    Cranberry. 
.Yaccinium,  L- 

corjmbosum,  L.    CHant  or  Swamp  Whorlteberry. 

IVa&dosttm,  L.    Blue  mtorUeberry. 

hirtellam,  Ait.  B. 

Pennsylyanicam,  Lam.    Blaek-btue  Whortleberry. 

resino6iini,  Ait.    Black  Whortleberry. 

-staminenm,  L    Squaw  or  Green  Whortleberry,    Beer  Berry. 

teneUam,  Ait.    B. 

virgatnm,  Muhl.    B. 
xvitis-idea,  L  Lynn. 

PYROLACBA* 

Monotropa,  L. 

lanffainosa,  Mx.    Hypopilhys  lanuginosa^  NuU.    Pine  Sap. 

nnmora,  L.    Bird*s'Nesi.     Ttbaeco  Pipe. 
Pyrola,  L. 

asarifolifl,  Mx.     WinUr  Qrten. 

elliptica,  Nutt. 

macQlata.  L.    Chimaphila.  Ph.    SpoUed  Winter  Green. 

rotundifolia,  L    Shin-leaf  Wtntergreen. 

secunda,  L.    One-sided  Wtntergreen. 

timbellata,  L.     Chimaphila,  Ph.  Pispitsawa.   Prince's  Pine.  Winiergnen. 

uniflora,  L.  Lynn,  Mr.  Oakes. 
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Flowering  PlantM.  641 

CAMPANVLACEJE. 

Campanula,  L. 

aparinoides^  Ph.  ^  Prickly  Bell  Flowtr, 

perfoliaUL  L.    Am^exUamlis.  Mc.    Clasping  Bell  Flawtr. 

rotondifofia,  L.    uaw  Bell,  A, 

LOBBLIACSJB. 

Lobelia,  L. 

caidinalis,  L.    Cardinal  Flower. 

doitmanna,  L.  A.  and  B. 

inflata  L.     WtUL  Tobacco. 

kalmii.  L.  A.  and  B. 

Nattaliii?  R.  and  S.    Lndlow  and  Springfield. 

paUida,  Mnhl. 

syphilitica,  L.  B — e. 

CVCVRBITACEjB. 

Mormordica,  L. 

echinata,  Mnhl.    Hadley  and  Deerfield. 
Sicyoa,  L. 

angnlata,  L.    SvngU  S^ed  Cucumber.  A. 

PLANTAOINEiG. 

Plantago,  P. 

lanceolata,  L.    Rib  Wort, 
major,  L.    Plamiain. 
maritima,  L.  B.    Sea  PUmtain: 

PLUMBAOINEJC. 

Statice,  L. 

limonium,  L.    Marsh  Rosemary.  B. 
BIPSACEJI. 

Diptacus,  L. 

4sylyestris;L.     Wild  Teasel    Sheffield. 
COMPOSITE. 

Acbillea,  L. 

millefolium,.  L.     Yarrow. 
Agathyraus,  Don. 

lencophffios,  Don.    Sonckusleucopkaus,  W.    Sow  T%istU. 
Ambrosia,  L. 

elatior,  L.    Bog  Weed.    AnaHm. 

heterophylla,  Mnhl.  B. 

trifida,  L.     WUd  Wormwood. 
Anthemis,  L. 

cotnla,  L.    May  Weed. 
Apargia,  W. 

antnmnaliB  W.   Oporinia-  a/ulumnale^  Don.  False  Hawhoeed.  B. 
Arctium,  L.      , 

lap^,  L.    Bwdock. 
Arteroesia,  L. 

Canadensis.  Mz.     Wild  Wormtwood,    A.  and  B. 

f  vulgaris,  L.    Chrden  Wormwood.    Naturalized  on  the  hilly 

[parts  of  the  State. 
Aster,  L. 

acuminatus.  Mx. 

amplezicauiis,  Mz.  B. 

amygdalinus.  Mx.    wubellalus,  Ait. 

coDYzoides,  W. 


cor^ifolius,  L. 
comifotius,  Muhl.    B. 
corymbosus,  Ait. 
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623  Pkmis  in  Mauachuietts. 

Aster,  L. 

(Tjraneus,  HoflT. 

mveraifolins,  Mx. 

damosos,  L. 

erieoides,  N.  B. 

iBBvis,  WiLld.  B. 

linariifoUas,  W. 

macrophyUus.  Ait. 

miser,  jL    a  dirergens ;  b  dlflasns. 

multinonis.  W. 

matabilis,  W.B. 

Noyi-Anffliae,  L. 

Nove-Belgii,  L. 

panicnlaniSy  Ait    B— «. 

phlogifoUos,  W.    B— «. 

prenaathoides,  W.    B — e. 

poniceiis,  L. 

rigidus,'w.  A. 

salicifoliiis,  W. 

solidannoides.  W. 

sparsiflorns,  Mz.    N.  B. 

spectabiliB,  Aiu    N.  B. 

tradescanti,  W. 

subulatos,  Mz.    Marshfield  and  B. 

nmbellatns,  Ait  B. 
Bidens,  L. 

cernaa,  L.    N.  B. 

clirysanthemoideSi'W.iMjy  BeggarTUks, 

connata,  W.  A. 

frondosa,  L,    Bwr  Maiygold, 

tripartita,  L.  B. 
Cardaus,  L.    Cnieus^  W* 

altidsimus,  L. 

arrensis,  L.    Camaia  TkisUe^ 

discolor,  Natt.    Cowman  TkisHs, 

lanceolatas,  L.  CcfrnmonThMtiU, 

glutiaosus,  Beck.  B.  Oueiuf  2«^ii^ms,  Big, 

spinosisimos,  Walt{Ciiieiu  A^rruiiaMSy  Pk, 

pmnilus,  Nntt  B. 
Centaurea,  L. 

%  nigra,  L.  B.  Har  dwickdb  Bristol,  R.  I. 
Chrysanthemum,  L. 

lencanthemum,  L.    Ox-e^tA  Daisy, 
Cichorium,  L. 

intibas,  L.    Succory, 
Conyza,  L. 

camphorata.  Ph.  C.  Murilandica,  Mx,  Ji§irsh  Flea  Bane. 
Coreopsis,  L. 

trichofflperma,  Mz.    B. 

rosea,  mtt    Plymouth.    T.  A.  Greene^ 
Erigeron,  L. 

bellidifolimn.  L. 

Canadense,  L. 

heterophyllum,  L. 

integnfouum.  Big.  B. 

Philadelphicam,  1^ 

purpureum,  L. 

strigosum,  L 
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Flowering  Pkmts.  623 

Eupatorium,  L. 

ageratoldes,  W. 

aromatictun,  W.    B. 

hyssopifoUum,  L.  N.  B. 

maculatom,  L.    B— e. 

ovatum,  Big.  B. 

pcrfoliatumJL    T%frougk  Wart, 

pubescens,  Willi    B. 

pori^eam,  L.    JoePwe, 

sessilifoliiiiii,  L. 

teucrifoliBin,  L.  verbenafoUvm,  Mx, 

rcrticiUatum,  W.    J^eF^t  Weed. 
CrDaphalium  L. 

4iecancns,  Ives. 

Germanicnm,  Sm.  N.  B. 
njaigaritaceiuiLL.    Life  JSverkuHng. 
plantagineum,  L.  Do, 

polycephalom,  Mz.    Sweet  scenUd  do^ 
pu^urcmn,  A.  L. 
alinnosiuii,  H 
HeliaDtbna,  L. 
altissimns,  L. 

decapetalus,  L.    A.  and  N.  B. 
divaricatns.  L.  B. 
trancatas,  Schw. 

trachelifolios,  W.  B— c.    M.A.Carti.s. 
itabcrosaSjL.  Artichoke, 
Helenium,  h, 

aatanmale,  L.  B-«. 
Hieraciam,  L. 

Onmoyii,  L.  A. 

kalmii,  L.JZ  virga^um^  and  JELfasciculaUmj  Ph. 
mariannm,  W. 
panicalatam,  W. 
Tenosmn,  L.    Bawkweed, 
iDula,  L. 

lieleiuQiii.  Ij.  EtecMH/pdne, 

fidcata^Ki.    N.  B.  and  Nantucket    Chrysojmsfaicata,  Seek, 

iTa,  L. 

fratescens,  L.    Bigh  Water  SSbicft.    B— e. 
Krigia,  L. 

amplexicaalis,  Nutt.  A.  B^oserisam^^UxicamliSi  Mc  CjfiUhia  ampUxieam^ 
Virginica,W.  Dwarf  Dandetum.    C  Virginica^  Beck,  U«,  Beck. 

Lactaca,  L. 

elongata,  Mohl.   WUdLeUiuM. 

integrifolia.  Big.  B.  and  A« 

sangolnea,  Bif.  B. 

villosa,  Jacq.  Massachusetts.  Beck. 
LeontodoD,  L. 

taraxicnm,  L.    Dandelion, 
Liatris,  L. 

scariosa^W.    Gay  Feather, 

spicata,  w.  B— c.  M.  A.  Curtis. 
Mikania,  W. 

scandens,  W.  Climbing  Thorough  Wort,  A  &B. 
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694  Plmtt  in  Maiia4*,uiettt. 

OnopordoD,  L. 

f  acanthium,  L.    CoUon  TkuUe. 
Prenanthes,  L. 

Blhti,h.Biirpdlfce  alba,  Dim,  WhiULem^, 
altissinuLL.    EL alHstimat  Dan, 

cordata,  Ph.  H,  cordata,  Don. 

Tirgata,Mx.    H.virgata,  Dan, 
Rttdbeckia,  L. 

laciniata,  L.    Cone  Flower. 
Senecio,  L. 

aureus,  L.    Rag  Wort. 

balsamits,  W.    Balsam  Groundsel. 

hieracifoUos.  L.    Pire  Weed, 

obovatos,  W. 

vulgaris,  L.    Oranndsel. 
Solidago,  L.     Golden  Rod. 

altissimaiW. 

argata,  W. 

asperal  Ait. 

bicolor^L. 

caesia,  W. 

Canadensis.  L.    B— e. 

ciliarisl    W. 

gigantea,  Ait. 

umceolata,  Ait. 

laevigata,  Ait    B. 

latifoliaJduhL 

livida,  W. 

nemoralis  Ait. 

odora,Ait    Sweet  scented  golden  rod. 

rigida.  Ait  South  Hadley  Canal. 

serotina,  W. 

speciosa,  Nmt  A. 

squarrosa,  Nutt    Mt  Holyoke. 

stricta,  W. 

tenuifoUa,  Ph.  Nantucket.  T.  A.  Greene. 

uimifoUa,  W. 
Sonchas,  L. 

acnminatns,  W. 

oleraceos,  L.   Sow  Tkistle, 

spinolosus.  Big.  B. 
Tussilago,  L. 

far&ra,W.  CoWsFooL 

palmata,  Ait    Sunderland. 
Tanacetum,  L. 
-•  fr  vulgare,  L.     T\insey, 

Vernonia,  L. 

noveboracensis,  W.    Flat  Top. 
Xanthium,  L. 

spinosuin,L.  Plainfield.  Dr.  Porter. 

stmmarium,  L.    CloU  Burr, 

8TBLLATJB. 

Galium,  L 

aparine.  L. 

asprellum,  Mx.  Bough  Bed  Straw. 
boreale,  Ph.  Septen^ionale,  R,  and  S. 
circaezans,  Mx.  lAguorice. 
lanceolatum,  Torrey.  Torreyi^  Big. 
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obtusom,  Big.    B. 

pilosum;  Ait 

tinctorlnm,  L.    Dyerj  CUovirt. 

trifidnm,  L.  BedSirtnp,  Small  Ck0mn, 

triflonim,  Blx. 

yernm,  L.  B. 

C1N€H0NBJE. 

Cephalanthus,  L. 

occidentalis,  L.    BuUin  Bush, 
Mitchella,  L, 

repens,  L.     Checker  Berry,    Eye  Bright. 
CAPRirOLIAClJC 

Caprifolium,  Goldie. 

pabesceDS,  Goldie.    Lonieerahirsuta^JSaian,  Rintgh  Woodbine. 
Cornas,  L. 

alba,rHer.    B. 

alternifolia,  L.    B. 

Canadenais,  L.    Dog  Wood. 

circi]iata,rHer. 

florida,L.    Dog  Wood, 

panicuiata,  THer. 

sangoiaca,  I'Herit    B— e. 

8arioea,rHer. 
Dicrvilla,  Tourn. 

hamiliB,  Pers.    Lonicera  dierviUa,  L,    Bush  Honeysuckle. 
Linnsa,  GroD. 

bdtealis,  Oron.     T\nn  Flower. 
Lonicera,  L. 

parviflora,  Lmk. 
Sambucas  L. 

Canadensis,  L.    Elder,  / 

pabena,  Mx.    Bed  Berried  Elder, 
Trioateam,  L. 

perfoliatom,  L.    F^ner  ReeL    DaafMd  aad  Caaiibridga. 
Vibarnnm,  L. 

acerifbliom,  L.    MapU  Guelder  Bese, 

dentatom,  L.    Afrow  Wood, 

lantanoides,  Biz.    HMieBush,    Tangle  Legs. 

lentago  L.    Sheep  Berry, 

nadoniyL. 

ozycoccas,  Ph.    Bigh  Crofnberry. 

pyrifolinm,  Lam.    williamstown. 
Xyloateam,  Tourn. 

ciliatmn,  Ph.    Lonicera  eiiiala.Muhl,    F^  Honeysuckle. 

vilUwin,  Biz.    06eHleld  and  WiUiaaMowa. 

ASCLBPtADBJB. 

Aaclepiaa  L.    Milk  Weed, 
iDcaniata,  L. 
obtosifolia,  Biz. 

phytolaccoides,  Ph.    exalkUa  et  aomninaia^  Muhl, 
qaadrifolia.  Jaco. 

pnlchra,  W.  B.  Maiden,  Bi.  A.  Cnriis. 
purparascens,  L.  B. 
sjnaca,  L:    Common  Milk  Weed. 
taberosa,  L.    Pleurisy  Boot,    BuUerfiy  Wsed, 
▼arie|[ata,  L. 
,  verticillata,  L. 
Tiridiflora,  Ph.    B.  and  Leicester. 
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APOCTWBJB. 

ApocyDum,  L. 

androscmifoiiam,  L.    Ihg  Bmm. 
cannabinam,  Mx.   puheseen*^  Browti, 
hjpercifoliuiii,  Ait.    John's  Dog  Bume. 
0BMT14NBJI 

Gentiana,  L. 

criAita,  W. 

quinqueflora,  W.    Charlemont  and  iloosic  Mt 

pnenmonantbe,  L.  B. 

saponaria,  L.    Soap  €kntian. 
Houstonia,  L. 

coBruleai  L.  '  Vemi^  Pride, 

loDgifolia.  WiUd.  B. 
Menyantnes,  L. 

trifoliata,  L.    Buck  Bean,  B.  and  A. 
Sabbatia,  Adanson. 

chloroides,  Ph.  B. 

stellaris,  Ph.    N.B. 
Villarsia,  Vent 

laconosa,  Ph.  B.    3kn$faM*stracMfiferma,  Mc  Spur  Stewi,    FToaimt 

l&aft. 
CONTOLTOtACBJB. 

Coovolvolus,  L. 

arvensis,  L.  B. 

sepiom,  L.    Field  Bind  Weed. 

stans,  Mx.    jpttAoNMnu,  L.    Ihoarf  Morning  Glory. 
Cuscuta  L. 

Americana,  L.    Dodder. 

OLBAGBA. 

Fraxinut,  L. 

Americana,  W.     Whiie  Ask. 

joglandifoUa,  Lam.    I^oamf  Ask.    A 

sambadfolia,  W.    BlatkAjik.    A»  ^ 

LigQStram,  L- 

Tulgare,  L.    Privet  or  Prim,    A.  and  B. 
PRIMVLACBA 

Anagallis,  L. 

anrensis,  L.    Scarlet  Pimpernel. 
Hottonia,  L. 

inflata,  L.  B.  and  N.  B. 
Glauz,  L. 

maratima,  L.  Barnstable  and  Yarmoath,  Dr.  K.  Underwood.    Mack  salt 

Lysimachia,  L. 

capitate.  Ph.    A.  and  B. 

cifiata,  L. 

hybrida,  Mx.  B.  and  N.  B. 

qaadrifo1ia.L. 

racemo6a,Ph.    stricta,  AU,    Loosestrife, 
Samolus,  L. 

Talerandi,  L.    Brook  Weed,  B, 
Trientalia,  Li. 

Americana,  PH.    Chick  Wintergreen, 
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LCNTIBVLARIA. 

Utricularia,  L. 

comata,  Mz.  Leaflets  Bladder  Wert  A.  and  B. 
eibba,  Qron.    B— e. 
miiata,  Walt  B. 
paparea,  Walt.  B. 

resupinata,  Oreen.  MS.  Tewksbory. 
striata,  LeOomte.    A. 
vulgaris,  L.    Bladder  Wort. 
OROBAMCHBJB. 

Epipbagua,  Nutt. 

Americamis,  Nutt.    Orebameke  Virgimana,  L,    Cancer  Reel. 

Orobanche,  L. 

Americana,  L.    Moant  Eblyoke. 
uniflora,  L.    Camcer  Roo^, 

SCROPHVLARl  NB  JB. 

ADtirrhinam,  L. 

Canadense,  W.    Flax  Snap  Dragon. 

elatiiie,L.  Hadley.    Dr.  George  white. 

( linaria,  L.    Snap  Dragon, 
Chelone,  L. 

glabra,  L.    Snake  Bead, 
Oerardia,  L 

flava,  L. 

glaaca,EddT.    Fox  Glove. 

maritima,  Raf.  B. 

pedicnlaria,  L. 

porparea,  ll 

tennifolia,  L.  B. 
Qratiola,  L. 

aiirea,Miihl.    Hedge  Hifssop. 

Virginica,  L.    negteOa,  Torre^.  A. 
Leptandra,  Nutt 

Virginica,  Nutt    CaUiMackifa  Virginiea.  Raf.    Cnlver^s  Physic. 

Limoaellar  L. 

sobnlata,  Ives.    Mudwort.  Nantucket. 
Lindeniia,  L. 

attenuata,  MuU.    False  Hedge  Hyssop. 

dilatata,  MuhL    B.  and  A. 
Mimulua,  L* 

alatus,  L.  A. 

ringens,  L.    Monkey  Flower. 
Penstemon,  L. 

nubescens,  L.    B— e. 
Scropnalaria,  L. 

Marilandica,  L.    Fig  Wort. 
Veronica,  L. 

agrestris,  L. 

anagailis,  L.    Brook  Pimemel. 

arvensis,  L.     Wail  SpeedioeU. 

oi&cinalis,  L.    Speedwell 
peregrina,  L.  N.  B. 
sctttellata.  L. 
serpylUfoUa,  L. 
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RH1NANTH4CCJ:. 

BaiUia,  L.  , 

eoccinea,  L.    Euckrtma  couiiiM,  tinU.    Bti$U€d  Cup, 
Melampynim,  L. 

Amerieuiam,  Mx.    Caw  Wheat, 
Pedicalari«,  L. 

Gantdensis,  L.    Louse  Wort, 

pamda,Ph.  A. 
Rhinanthtts,  L. 

crista  giaU^L.    YelloMf  lUUU.Flymouih.    Bi^loW. 
SOLANBA. 

Dat  ura,  L. 

stramonium,  L.    T%om  AfpU. 
Hyoscyamus,  L, 

fniger,  L.    JiSm  Bane. 
Nicandra,  AdaD8« 

$  pbysaloides,  Pen.  N.  B. 
Pbysalis,  L. 

obscunL  Mx.    Ben  Bane,    A. 

Pennqrlvanica  ?  L.  A, 
Solanum,  L 

i  dulcamara,  L.    BiUer  Sweet, 

nigmmi  L.    IkaHf  Nightshade. 
Verbascum,  L. 

blaUaria,L.    Sleek  UMlein,  B.  nnd  A, 

thapsas,  L.    AMlein, 

TBRBENACBJB. 

Phryma,  L. 

leptostachia,  L.    Lop  Seed. 
Verbena,  L. 

angnstifoUa,  Mx.    A. 

hastata.  L.     Vervain. 

urticifolia,  L.    Nettle  Leaf  Vervain, 
LABIATJi. 

Ballota,  L. 

i  ni|nra,  L.    Black  Bhrehaund.    M. 
Clinipodium,  L. 

mlgare,  L.    Field  Thyme,    A, 
CoUinsonia.  L; 

Canadensis,  L.    Horse  Bairn, 
Galeopsia,  L. 

f  ladannm,  L.  B.    Hemp  Nettle, 

ftetrahit,L    Flowering  NettU. 
Olechoma,  L. 

hederacea,  L.    CfiU-grow^-the-ground 
Hedeoma,  Pera. 

^mlegioides,  Pers.    Penmsfrofdl. 
us,  Mx. 

coernleos,  Mx.    False  Pewnfropal 
Lopbanthus,  bentb. 

nepetoides,  Benth.     dfssopus  nepetoides,   W  Qiara  Jfif^sap. 
Lamium,  L. 

f  amplexicaule,  L.    Ben  Bit,    Dead  NetHe. 
Leonorus,  L. 

cardiaca,  L,    Motherwort. 


Digitized  by  VjOOQ IC 


Flowering  Phmti. 

Lycopus,  L. 

EaropeBUs,  L.     Water  Ebnkmnd. 

Viigmicus,  L.    Bugle  Weed. 
Marrubium,  L. 

^  Tolgare,  L.    Horekownd, 
Mentha,  ll 

borealis,  Mx.    HorseminL 

$  piperita,  L.  PepperminU. 

viriais,  Waiter.    Spearmvnl. 
Monarda,  L. 

clinopodia,  L.  B--e. 

didyma,  L.    B— e. 

hirsuta,  Ph.      Soapstone  doarry.   Windsor.  Dr.  Portar. 

oblongata,  Ait.  B-  e.  and  B.  aUejifUut,  Me, 
Nepeta,  L. 

cataria,  L.    CtOmitU: 
PmnelJa,  L. 

Pennsylranica,  W.    HealAU. 
Pycnanthemum,  Mz. 

aristatum,  Mx. 

incanom,  Mz.    Mnmtmin  HffniL 

lanceolatnm?  Ph. 

linifoliam,  Ph.     Vvrgmwn  T^kymf. 

irerticillatum,  Pers.    B— e. 
Scutellaria,  L. 

ELlericalata.  L.    ScuU  Cap. 
terifolia,  L.    Mud^g    SouU  Cap. 
Stachys.  L. 

aijpera,  Mz.    Bedge  Nettle. 

sylvatica,  L.  A. 

h^^ssopifolia,  Mz.    N.B. 
Teucnum,  L. 

Canadense,  L.     WUd  Germander. 
Trichostema,  L. 

dichotoma,  L.    Bhu  CwU. 
Thymus,  L. 

9  vulgaris,  L.    T^yme.    Longmeadow. 

BORAQINEJB. 

Cynoglossum,  L, 

0  officinale,  Lb    H&vnd  TVn^. 

Vtrginicum,  L.  B— e 
Echium,  L. 

vnlgare,  L.  Viper't  BugUu,  B. 
Lithospermum,  L. 

aryense,  L.  B.    Common  Cfromwell. 

officinale,  L.  B— e. 
Lycopsis,  L. 

9  arvensis,  L.  A.  and  B.     WUd  Bugloss. 
Myosotis,  L. 

9  arvensis,  Sibth.    ForgeUme-Tiot. 

palustris,  Kostk.  B. 

Virglniana,  L.    Eckinospermim  Fir^niciMi,  JMm.  Mouu  Bar. 
Onosmodium,  Mz. 

hispidom,  Mx.   Monson  and  Nantucket  Fcdu  CfromioeiL 
HTDROPHYLLBJB. 

HydrophylluiD,  L. 

Canadense,  L.    Windsor.  Dr.  Porter. 
Virginicum,  L.  A.     Water  Leaf. 
78 
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TRIBE  IL~OYMKOSPERMiE. 
CONIFBRA. 

Cupressas,  L. 

thajroides,  L.     WhiU  Cedar.     A.  B.  and  especially  N.  B. 
Janipenis,  L. 

commnnis,  L.    JwUper.    Mount  Tom  and  B. 

Virginiana,  L.    Red  Cedar, 
Pinui,  L. 

alba,  Ait.    Spruce, 

balsamea,  W.    Fir  Tree.    Baltam  Tree. 

Canadensis,  L.    Bmlock  Tree, 

fhueri,  Ph.    Saddle  Mountain.    Dewey. 

nigra,  Ait.    Black  Spruce. 

pendnla,  Ait    BKimatack.    Taimarack. 

resinosa^  Ait.  Nonoa/y  Piue.    A  and  Worcester  Col 

rigida,  L.    PUck  Pine. 

strobns,  L.     White  Pine. 
Taxtts,  L. 

Canadensis,  W.  Dwarf  Yete,  A,  Very  common. 


Subclass  II.— ENDOGYNJS  OR  MONOCOTYLE DON0U8 

PLANTS. 
TRIBE  I.--PETALOIDE-fi. 

ALISMACBJB. 

Alisma.  L. 

plantago,  L.     Water  Plantain. 
Sagittaria,  L. 

acutifolia,  Ph.    Arrow  Head. 

heterophjlla,  Ph. 

obtiisa,  w .  N.  B.    Var.  of  8.    safnttifoUa. 

sagittifolia,  L.    Arrow  Head,  a  laMfoHa,    /f  graciUe. 
BTDBOCHARIDBA. 

Udora,  Nutt. 

Canadensis,  Nutt.    Serpicula  verticiUata^  MM. 
Valisneria,  L. 

spiralis,  Mz.     T^pe  Grass.  Cambridge  and  Coanecticat  ritrer. 

XTRIDBJE. 

Xyris,  L. 

Caroliniana,  Walt.    YeUovheyed  Grass. 

HTPOXIDEJB. 

Hypoxia,  L 

erecta,  Li.    Star  Grass. 

IRIDEJB. 

Iris,  L. 

▼ersicolor,  L.     Wild  Iris.    Blue  Flag. 
Virginica,  Torrey.    gracilis,  Big.    Boston  his. 
Sisyrinchium,  L. 

anceps,  L.    Blue-eyed  Grass. 
ORCHIDBJB. 

Aplcctrum,  Nutt. 

hyemale,  Nutt.  Cymbidium  kyemale,  W.  PtUty  Root.  Adam  and 

[Eve.  Conway. 
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Arethasa,  L. 

bulbosa,  L.    B.  and  Belchertovn. 
Calopogon,  Brown. 

pulchellos,  Br.    CymHdiwn  pucAeUmm^  W.    Grass  Pink, 
Corailorhiza,  Brown. 

odontorrhiza,  Nutt.  Cyrkbidvum  odontorizon,  W.  CartU  7M4. 
Cypripediam,  L.  [Dragmk  Claw. 

hnmile,  Sw.  ccamU^  AU.    lAdM  Slipper, 

pnbescens,  Sw.     YdUno  d^. 

spectabile,  Sw.    Canadense,  Mc.    Deerfield. 
Qoodyera,  Brown. 

pnbescens,  Br.    Neottia  pubescens,  W,    RatOe  Snake  Leaf. 

repens,  Br.  B. 
Habenaria,  W. 

blephariglottis.  Hooker.  A.  and  B.    Orchis  hUphartglotHSt  W, 

bracteata,  R.  Brown.  SaJbyriwrn,  bracUaikm.Ph.  O.  bracteaUtt  W, 

cristata,  R.  Brown.  O.  crisUUa,  Mc  Fair  Haven,  T.  A.  Greene. 

ciliaris,  R.  Brown.    A.  and  B. 

grandiflora,  Tor.    B.  and  A.  O.jrofndifiora,  Big, 

nerbiola,  R.  Brown.    A.  and  N.  B. 

incisal  Spreng. 

fimbriata,  R  Brown. 

macrophyUa,  Goldie.    Mt.  Holyoke. 

pffjrcoaes,  Spreng.    B — e  and  A. 

tndentata,  Uook. 
Listera,  R.  Brown. 

cordata,  Brown.    Plainfield. 
Malaxia,  Sw. 

liliifolia,  Sw.    lAparis  lUiifoUa,  Rich,     T\Day  blade. 

loBselii,  Sw. 
Mycrost^lis,  Nutt. 

opmoglosspides,  Nutt.    Adder  Jlio%lk, 
Neottia,  Sw. 

tortilis,  Sw.    (IgractUs,  Torrey.    Spiranthes  tartilis^  Rich.  Lm- 

du^  TVessM. 

cernua,  W.  &  cenwa,  Rich.  B— eA.  and  t^B.Nodding  Ladies^ 

[Tresms, 

Orchis,  L 

spectabilis,  L.    Orchis. 
Platanthera,  Rich. 

dilatata,  Lindler.  Orchis  dilaUOa^  Ph. 

orbiculata,  Lindley.    O.  orHcfuHata^Ph. 
Pogonia  Brown. 

ophioglossoides,  Brown.    Snake  Mouth  ArethMa, 

verticiUata,  Natt    A. 
Triphora,  Nutt 

pendnla,  Nutt.    Arethusa  pendnda,  W,    Deerfield. 

JUNOBJB. 

Jancos,  L. 

acominatns,  Mx.    A. 
bnfonius,  L. 
bolbosns,  L. 
effosna,  L.    Bulrush, 
militaris,  Big.    Tewksbnry. 
marginatusjltostk.  N.  B. 
nodosns.  L. 
polycephalns,  Mx. 
eetaceoSjRostk. 
tennis,  W. 
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Lazuk,  De  Cand. 

campestris,  De  Cand. 
melanocaipa,  Desr. 
pikm,  W.  A. 

HlLANTHACEm. 

Helonias,  L. 

dioica,  Ph.  B— e.    dazing  SUtr. 
Yeratram,  L. 

▼iride,  Ait    fudian  Pake.     WkiU  BdUhm. 
PONT8DBRS& 

PoDtederia,  L. 

angostifolia,  Ph.  Lererett.  P,  cordtOa,  /f  mrngfuUf^Uk,  Tfrtwf. 

cordata,  L.    Pidcertl  Weed. 
SchoUera,  Schieb. 

graminea,  Yahl.     LepiaiMm  grtmmeui.  Ml.     BKaran^km 

ASPHODBLK^. 

Aletris,  L.    A.  alba,  Mx. 

fiirinosa,  L.    F^alse  Aloe.    A. 
Allium,  L. 

Canadense,  L.    Meadow  Cktrlie. 

tricoccum,  Ait. 
Asparagus,  L. 

I  officinalis,  L. 

SMlLACBiB. 

ConTallaria,  L. 

hifolia,  L.  Stj/randra  hifeUa^  Baf.  SmUacMa  Cmrndftuis,  PL 

canalicalata,  w.  B.  B— c. 

muitiflora,  L.    Polfgonatrnm  muUiflanm,  Iks.    StUm§n  SeaL 

pabescens,  W.    A.    PolfgomUumpubescemfPh. 

racemosa.  L.  SmUacUui  raeemosa,  Deu  (MaUrtd  Soloma%  Seal, 

fctellata,  L.    8.  UOUUa.De*. 

urifotia,  L.    Pelham,  Cnmingtim,  and  TewkBbnry.  Mr.  Curtis. 

[S,  trifoiia,  Des. 

mnbellnlata,  Blx.  Dracana  boreaHs^  L,  lAUf  </  ike  VaUef.    A. 
OyroDiia,  Nutt. 

Virginica,  Nutt.    Msdeola  Vvrginica^  L,    Indian  Chamber . 
Smilax,  L 

herbacea,  L:    B— e. 

pcduncularis,  MohL    Jacoh:^  Ladder. 

rotondifoUa,  L.    Oretn  Briar, 
Streptopus,  Mx. 

distonus,  Mz.    A.  9l  &— e.    Uwlariaim^^Ma^  It. 

rosens,  Mx.    U.  ro$euSf  Mukl    Rose  Bell  Wort.    A.  ^  B— e. 
Trillium,  L. 

cemniun,  L.    Nodding  Wake  Robim. 

erectum,  L.    FYUse  Wake  Robin. 

grandiflomm,  Salisb.    Pelham.  Dr.  G.  White. 

picttun,  Ph.     T.  undidatim,  W.    SmiUng  Wake  Rabin, 
Urularia,  L. 

perfollata,  Mx.    U.  grandijlora,  Smith.    BeU  Wort 

lessifoUa,  L. 

DIOSCORBm. 

Dioscorea,  L. 
▼lUoMi,  L.  B. 

LILIACBA 

Er3rthTonium,  L. 

dens-canis,  Mx.    B.  Amaricanmnt  SrnHk.    Dog  TMA  floM. 
Lilium,  L. 

Canadense,  L.    Nodding  lAJUf. 

Philadelphicum,  L.    Rtd  iMiif. 

saperbam,  L.  B. 
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RS8T1ACEJE. 

£riocauloD,  L. 

gaaphalioides,  Mx.  B — e. 
pellacidum,  Mz.    Pipe  Wort. 
TYPHACEJB. 

Sparganium,  L. 

Americannm,  Nutt.    N.  B. 

angnstifolium,  Mz  1  B. 

ramosum,  Smith.    Bv/rr  Reed. 
Typha,  L. 

angustifolia,  L.  B. 

latifolia,  L.    Cat  TaU. 

AROIDSJB. 

AcoTUS,  L. 

calamus,  L.    Sweet  Flag. 
Arum,  L. 

dracontium,  L.    Qreen  Dragon,    Deerfield. 

triphyllum,  L.    fndian  Twrnip. 
Calla,  L. 

palastris,  L.     Water  Arum. 
Lecontia,  Cooper.     •  A  true  Celadium,*     Torrey. 

Virginica,  Coop  Arum  Vtrginicum,  L»  RenttfUtria  Virginiea^ 
OroDtium,  L.  [Beck,  Bclchertown. 

aquaticam,  L.    €hlden  Club.    Soathwick.  Dr.  Porter. 
Pothos,  Mx. 

foetida,  Mx.    Symplocarpus  fesHdmSf  NuU.  IctodesfcOidm,  Big. 
FLUTIALSS.  [Skwnts  Cabbage. 

Najas,  L. 

Canadensis,  Mx.  Caulinia  JUxUis^  W.  A. 
Potamogeton,  L. 

compressum,  W.  A.  and  N.  B. 

flnitans,  L. 

fframineum,  Mx.  A.  and  B.  paucijlarumt  Ph. 

beterophyllum,  Schreb.  A 

Incens,  Mx.  B. 

natans,  L. 

peetinatum,  L.  B— e.  and  N.  B. 

perfoliatnm,  L. 

setaceom,  Ph.  diverstfolvum.  Barton.    A.  and  B. 
Ruppia,  L, 

maritima,  L.    Sea  Teazel  Grass.    B. 
Zostera,  L. 

marina,  L.    Grass  Wrack. 
JUNCAOINBA 

Scheuchzeria,  L. 

palastris,  L.  Belchertown. 
Triglochin,  L. 

maritimnm,  L.    Arrow  Cfrass,  B. 
PIBTIACEA. 

Lemna,  L. 

minor,  L.    Duck^meat. 
poljrrrhiza,  L.     Water/lax  Seed.  A. 
trisulca,  L.  A. 

TRIBE  II.-OLUMACEiB. 

GRAMINEJB. 

Agrostis,  L. 

canina,  W.  B. 
clandestina,  Spreng.    B. 
lateriflora,  Mx.    A  &  N.  B. 
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Agrostis,  L. 

longifolia.  Torrejr.  A. 

polymorpha,  Trinnius.  u&a,  L.  A.  Wkiie  T^p  Oroa. 

sobolifera,  Muhl.  A. 

sylvatica,  Torrcr.  B— «. 

tenuiflora,  Willd.  A. 

Virginica,  L. 

valgaris,  Smith. 
Aira,  L. 

flexaosa,  L.    Bair  Ch-ats. 
AlopecuTUS,  L. 

genicnlatos,  L.    Floating  Fi^x  Tail, 

pratensis,  L.    Msadow  Grass, 
AndropogoD,  L. 

furcarum,  Muhl    F&rked  Spikf. 

macronrum,  Mx.  N.  B. 

nutans.  L.    Beard  Grass. 

porparascens,  Mnhl.  N.  B. 

Virginlciim  7  L.  N.  B. 
Anthozanthuro,  L. 

odoratum,  L.    Swtet  Vernal  Grass. 
Aristida,  L. 

dichotoma,  Mx.    Beofrd  Grass. 

gracilis,  Ell.    N.  B. 

parporascens,  Poir.  A.  racemna^  MM,    N.  B.  4^  A. 
Arrhenatherum,  P.  deB. 

ayenaceam,  P.  de  B.    Avena  ekaUr,  L. 

Pennsylvanictim,  Torrey.  B— e. 
Arundo,  L. 

Canadensis,  Mx.  Calamagrostis  Maeicana,  Mitt.  B.  A  A. 

coarctata,  Torrey.  Canadensts,  NvU.  B.  db  A 
Briza,  L. 

media,  L.  B. 
Bromus,  L. 

ciliatns,  L.  B— e. 

purgans,  L.  B. 

pubescens,  Muhl.    Broom  Grau, 

\  secalinns,  Ln     CKsu.  Ckeal. 

mollis.  Lb 
Ceachrus,  L. 

echinatns,  L.  Near  Boston.    Mr.  M.  A.  Cnrtia. 
Cinna,  L. 

anindinacea,  W.    Mian  Reed^ 
Danthonia,.  De  Cand. 

spicata,  P.  dc  B.    Avena  spUata,  L.     }fiid  OaU, 
Dactyiis,  L. 

glomerata.  L.    Orchard  Grass, 
Diffitaria,  Haller. 

filiformis,  Ell.    AdbN.B. 

sangninaiis,  Scop;    Finger  grass.  A.  4r  B--<- 
Eliuine,  Gsrtner. 

indica,  Lamb.    Cynosuinis  indica,  L.    Wire  Grau.  A, 
Elymus,  L. 

Canadensis,  L.  /9.  glancifolins,  Torrey. 

hystrix,  L. 

ymosos,  Mnhl.     WUdR^.  Lime  Grass: 

VirnnienB,  L. 
Fe8tuea,L. 

dorinscQla,  L.  N.  B. 

elatior,  L.   Fssone  Grass. 

pratensis,  Huds.  B— «, 
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Festuca,  L 

nataiu,  W. 

tenella,  W.  A.  6l  B— e. 
Glyceria,  R.  Brown. 

fluitans,  R.  Brown.    Feshuafiuitam^  L.     WaUr  Peseue. 

acutiflora,  Torrey. 
Hierocbloa^  Gmelin. 

borealis,  R  &  S.    Holcus  odaratw.  L.  Semeu  Grass,  B. 
Holcus,  L. 

laDatos,  L.     VelvH  grass,  B. 
Hordeum,  L. 

jnbatam,  L.  B. 
Koeleria,  Pers. 

Pennsylvanica,  De  Cand.    Aira  moUis,  MuhL  A. 

tnincata,  Torrey.    A,Pnmcataj  MM, 
Leersia,  Swartz. 

orjzoides,  Sw. 

Virginica,  W.  OtUQrass. 
Lolium,  L. 

perenne,  L.    Darnel  Grass. 
Mtthlenbergia,  Schreb. 

erecta,  S.    Drop  Seed-grass. 
Oryzopais,  Mx.. 

asperifoUa,  Mx.    MowiUain  Rice. 
Panicum,  L. 

agnmoides,  Mahl.  A.  A  N.  B. 

anceoe,  Mx.  Cambridge.  Mr.  M.  A.  Curtis. 

capillare,  L. 

clandestinuin,  L.  A. 

crns-galU,  L.    Barn-Grass. 

dichotomum,  L. 

depanperatnm,  Mohl.    A  and  B— e. 

discolor,  Mnbl.  B. 

^nicnlatom,  Mohl.  prdiferum,  Lam.  A, 

Eispidam,  Muhl.    A.  and  N.  B. 

involutum,  Torrey.    A. 

I^dfohnm,  L. 

macrocarpon,  Torrer.    A. 

nenrosom.  Muhl.    A.  and  B. 

nitidum,  Lmk. 

▼irgatum,  L.  A.  and  B. 
Paapalum,  L. 

ciliatifoliuiD,  Mx.  N.  B. 

setaceum,  Mx.    Paspalon  Grass.  A.  Woburn.  Mr.  Curtis. 
Phalaris,  L. 

Americana,  Ell.  CaUmagrasHs  coloraia,  NtUS.  ROban  Grass. 
Phleuxn,  L. 

pratense,  L.     Timothy  Grass. 
PiptatheraiD,  Beauv. 

nigrum,  Torrey.      Oryzopsis  Milanocarpa,  J^fuhL     JlfUiim 
(raeemosum,  Smiih.   Ckuiered  MOUt-Grass. 
Poa,  L. 

annua,  L. 

aquatica,    jf  Americana,  Torrey. 

Canadensis,  Torrey. 

capillaris,  L.   A.  and  B. 

compressa,  L. 

dentata,  Torrey.    A.  N.  B.  and  B— e. 

elongata,  Torrey    TVreyi,  Spreng. 

eragrostis  L.    A.  and  B. 

hirmita,  Mx.    A.  and  B. 

maritjma,  Iluds.    B. 
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Poa.  L. 

nemoralis,  L.  A.  and  B— «. 

nervata,  W. 

obtiisa,  MuhU    B. 

palnsiris,  Muhl.  A. 

pectinacea,  Mz.   A. 

pratensis,  L. 

reptana,  Mx.   A. 

turiaiis,  L.    A.  N.  B.  aodB— e. 
Polypogon,  Des. 

glomeratns,  W.  AgrostU  raeem^sa,  Mt.  utawusus,  NuU.  A. 
Phragmites,  Trinniua. 

commanis,  Trin.    Amndo  pkragmiiis,  W. 
Paamroa,  P.  de  Beauv. 

arenaria,  P.  de  Beaa7.    Ant/ndo  arenaria,  L,  B. 
Setaria,  P.  de  Beauv. 

viridia,  P.  de  B.    Pamioitm  viridi^  L, 

elaaca,  P.  de  Beauv.    Panieum  trlaucum,  Zj.  F^ox4ml  Orma. 

italica,  P.  de  Beauv.    B--e.  P.  Ualictm,  L. 

verticiUata,  P.  de  Beaav.  Boston.    P.  verticiUakm^  L. 
Bpartina,  Schreb. 

cynosuroidcs,  W.  B.  lAmin^tU  cfnoiurHdes  and  pdfsUiekia,  PJL 

£labra,Mahl.    B.  .     [Rpugh  Qrass. 

joBcea,  W.  B.    L.jwncta,  PL 
Stipa,  L. 

avenacea,  L.  B. 

Canadensis,  Lmk.  A.  and  B.  Milium  mmgens^  TVrcy   Off- 

Trichochloa,  De  Cand. 

capillaiia,  De  Cand.  Agr0sHs  xruea,  MM.  Sagar  Loaf.  Oeer- 

[fleM.    Dr.  Cooler. 
Trichodium,  Mx. 

laxifloram,  Mx.     Tickle  Grass. 

scabrum,  Muhl.  A.  and  B— e. 
Tricuspid,  Pe  de  Beauv. 

sesleroides,  Torrey.    Poa  quinqmeJUa^  Ph.    A.  and  B— e.  ' 
Trisetum,  Pera. 

palustre,  Torrev.    Aira  pollens,  AhM. 

pnrpurascens,  Torrey.    B— e. 
Triticum,  L. 

repeas,  L.    Wheal  Qtass.    Q^ake  Grass.  B. 
Uniola,  L- 

spicata,  L.  Spike  Grass.  B. 
Uralepaia,  Nutt. 

aristnlata,  Nutt  N.B. 
Zizania,  L. 

clavulosa,  Mx.     Waler  Oats.  Wild  Rice.  B.  and  Northampton. 

CTFERACEJB. 

Carex,  L.     Sedge  Grass. 
acntajL.    A.  and  B— e. 
alba,  Hsenke.  B—e. 
alpestris,  All. 

ampallacea.  W.    Deerfield. 
anceps,  Muhl.    A.  B— e  and  B. 
aquatilis,  Wahl.    B— c. 
aurea,  Nutt.    B— e. 
blanda,  Dewej.    A .  and  B— e. 
bromoides,  8chk.     A.  and  B— e. 
bullata,  Schk.    A.  and  B— e. 
Buxbaumii,  Wahl.    A. 
csspitosa,  L.    A.  and  B  -  e.  and  B. 
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CarexrL. 

eephalophora,  Mahl.    A.  B.  and  B    e. 
collecta,  Dewey,  i-  WortbiBgton. 
coDoidea,  Schk.    A.  and  B— e. 
crinata,  Lamk.    A.  B— e.  and  B. 
'    cristata,  Schw.    A.  and  B — e. 
curta,  Qood.    B.  A.  and  B— e. 
Davisii,  Dewev.    A.  and  B— e. 
Deweyana,  Scnw.    A.  and  B— e. 
dispenna,  Dewey.    A.  and  B— e. 
festacacea,  Schk.    A.  and  B— e. 
filifonnis,  L.    A.  and  B— e. 
flava,  L. 

flexuosa,  Muhl.    A.  and  B. 
foUiculata.  L.    A.  B— e.  and  B. 
formosa,  Dewey.    A.  and  B— e. 
giacillima,  Dewey.  A.  andB— e. 

franularis,  Muhl.      A.  and  B^e. 
lalseyana,  Dewey.    Westfield. 

hirsata,  W.    A.  and  B^e. 

Hitchcockiana,  Dewey.    Wiiliamstown. 

hystericina,  W.    A.  and  B. 

lacnstris,  W.    A.  B—e.  and  B. 

lagopodioides^  Schk.    A.  and  B^^-^. 

laxinora,  Lam.    A.  and  B— e. 

limosa,  L.    Ashfield. 

longirostris,  Torrey.    A.  and  B— e. 
'  lapulina,  Mnhl.    A.  B— e.  and  B. 

marj§^inata,Muhl.    A.B— e.  and  B. 

miliacea,  Muhl.    A.  and  B— e. 

Muhlenbergii,  Schk.    B — e. 

multiflora,  Muhl.    B— e. 

muhcata.    B— e. 

Novtt-Angli»,  Schw.    A.  and  B — c. 

oligocarpa,  Schk.    A.  and  B — e. 

paiiescens,  L.    A.  and  B^^e. 

paniculata,  L.    A.  and  B. 

pauciflora^  Light.    Ashfield. 

pedunculata,  Muhl.    A.  and  B— e. 

pelUta,Muhl.    A. 

planta^ea,  Lam.    A.  B— e.  and  B. 

polytricoides,  Muhl.    A.  and  B>*-e. 

pseudo-cyperns,  L.    A.  B— e.  and  B. 

pubescens^  Muhl.    A.  and  B— e. 

retroflexa,  Muhl.    A.  and  B— e. 

retrorsa,  Schw.    B— e.  and  PUunfield. 

rosea,  Schk.    A.  and  B— e. 

scabrata,  Schw.    A.  and  B— e. 

scirpoides,  Schk.    A.  and  B-— e. 

scoparia,  Schk.    A.  B— e.  and  B. 

Schweintzii,  Dewey.    B — e. 

setacea,  Dewey.    B— e. 

siccala,  Dewey.    Westfield. 
*  sparganoides,  Muhl.    A.  B— e.  and  B. 

squarroaa,  L.    Hadley. 

stellulata,  Good.    A.  B— e.  and  B. 

stenlis,  W.    A.  and  B— e. 

stipata,  Muhl.    A.  B-r-e.  and  B. 

stiaminea,  W.    A.  B— e.  and  N.  B. 

stricta,  Good.    A.  and  B— e. 

sylvatica,  Huds.    A.  and  B  — e. 

tenera,  Dewey.    A.  and  B— e. 

tentaculata,  Muhl.    A.  B— e.  and  N.  B. 

tcretiuscula,  Good.    A.  and  B— e. 

tetanica,  Schk.    A.  and  B— e. 
Torrey  ana,  Dewey.    A.  and  B— e. 

triocarpa,  Muhl.    A.  and  B — e. 
trisperma,  Dewey.    A.  and  B— e. 
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Carez,  L. 

umbellata,  Schk.    A.  and  B— e. 
varia,  Mahl.    A.  and  B — e. 
resicaria,  L.  A. 
vestita,  W.  A. 

virescens,  Mabl.    A.  B— e.  and  N.  B. 
xanthophysa,  Wahl.  A.  B— c.  and  N.  B. 
Cyperus,  L. 

Nottallii,  Torrey.    A. 
dentatns,  Torrey.    A.  and  B. 
diandrus,  Torrey.    A.  and  B. 
flavescens,  L.    N.  B.  and  B— e. 

mariscoides,  fiU.    Scirpus  cyperiformis,  MM,    A.  and  B. 
stri^osos,  L.    A.  and  B— e. 
uncinatas,  Ph.    ii^UzuSf  MM,    A.  and  B. 
DulichiuiD,  Richard. 

spathacenm,  Pers.    ChUngaie, 
Eriopnorum,  L. 

alpinum,  L.    (See  Tormfs  Flora.) 

augustifoliom.  Roth.    A.  and  B. 

cespitosnm,  Ph.    A.  and  B— e. 

poljrstachiam,  L.    A.  B.  and  B — e. 

Virginicum,  L    CoUon  Grass,  A.  B.andB— e. 
Fuirena,  L. 

squarrosa,  of  aathors,  not  of  Mx.  Tewksbury.  Mr.  A  Curtis. 
Rhyncospora,  L. 

alba,  Vahl.    A.  B.  and  B— e. 

glomerata,  VahL    A. 

macrostachya,  Torrey.  MS.  Belchertown  and  I^verett 
Scirpus,  L.  Rush, 

acicolaris,  L.  S.trickod€s,  HMU,  A.  B.  &.  B — e. 

acntus  Muhl.    B.  and  B— «. 

atrovirens,  Muhl.    A.  and  B— e. 

autumnalis,  Muhl.    A.  and  B.       ^ 

bronneus,  Muhl.    A. 

capillaris,  L.    A.  and  B. 

capitatus,  L.    A.  B.  and  B — e. 

deoilis,  Muhl.    A.  and  B. 

eriophorum,  Mx.    A.  and  B.  TVia^horumcifperinumj  Pers, 

intermedlus,  Muhl.    A. 

lacustris,  L.    A. 

lineatus,  Mz.    Plainfield.     7Vi.  lifteatum,  Pers. 

maritimns.  L.    B. 

palustris,L.  A.  andB. 

planifolius,  Muhl.    A.  B.  and  B— e. 

subsquarrosus,  Muhl.    A. 

subterminalis.  Torrey.    Lererett. 

tenuis,  W.    A.  B.  and  B— e. 

triqueter,  Mz.    A.  and  B— e.    fif.  Americanos,  Pers. 

tuberculosus,  Mx.    A. 
Scleria,  L. 

triglomerata,  Mx.     Whip  Grass, 
Schoenus,  L. 

mariscoides,  Mulil.    Bog  Rush.    Belchertown  and  Leverett. 
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OR 

FLOWERLESS  PLANTS. 

TRIBE  Lr-FILICOID  PLANTS. 

Bi^mSBTACBJB. 

Equisetum,  L. 

anrense,  L.    Horse  TaiL    A.  B.  and  B — e. 

hyemale,  L.    Rough  Hone  T\iiL    Scouring  Rush.    A-  B,  and  B— e. 

sylvaticum,  L.    A.  B.  and  B— e. 

{Mdustre^L.   A 

scirpoides,  Mx.    JS.  varUgatnim^  Smith,    A.  B.  and  B — e. 

ttlJgiDosum,  W.    E.  limosumt  L,  Pipes.    A.  B .  and  B~€. 

FILICES. 

Adianthum,  L. 

pedatnm,  L.    Maiden  Hair.    Mw  Hair. 
Aspiaium,  Swartz.     Brake.  Fern. 

acrofitichoides,  W.    A.  B.  and  B— e. 

angnstnm,  W.    B — e. 

asplenoides,  W.    A.  and  B. 

biubifcrum.W.  B— e. 

cristatnm,  W.  A. 

dilatatam,  W.  v/Uermedvim,  L.  A.  N.  B.  and  B— e. 

tenne,  Ph.  A. 

Qoldianum,  Hooker.-  Felia>'Ma$,    Ph.  A  and  B — e. 

intermedium,  Mohl.    Dr.  Porter. 

lancastriense,  Muhl.  B. 

marginale,  W.    NephrodiummargvnaU^  Mx.  N.  B.  and  B— e. 

noTeboracense,  W.    A.  B.  and  B— c. 

spinalosnm,  w.    B— e. 

thelypteris,  Wiild.    B.  and  Plainfield. 
Asplenium,  L.     Brake,  Fern, 

angnstifolinm,  Mx.    Spleen  Wort.    B— e.   B.  and  A. 

ebenum,  W.    B— e.  B.  and  A. 

melanocaulon,  W.    B— e.  B.  and  A. 

rhizophyllnm,  W.     Walking  Leaf.    B— e.  B.  and  A. 

ruta-mararia,  L.    B— «.  B.  and  A. 

thelypteroides,  Mx.    acrosiichoides,  Sto,  B— e.  B.  and  A.^ 
Botrychium,  Swartz. 

fumaroides^  W.     Gf&pe  Fern.    A.  B.  and  B— e. 

simplex,  Hitchcock.    A. 

Virginicum,  Swartz.    A.  B.  and  B— e. 
Dicksonia,  FHerit. 

pilosinscula,  W.    AspidiuM  pwnctilobum^  W. 
Hypopeltis,  Torrey. 

obtosa,  Torrey.    AspidivMobtusumtYi,  Woodsiaperiniana,   A.    Hook. 

I  and  Orev. 
Lygodium,  Sw. 

palmatum,  SwarU.    Climbing  Fern.    Amherst  and  Becket. 
Onociea,  L. 

sensibilis,  L.    Sensitive  Fern,    A.  B.  and  B— e. 
Ophioglosaum,  L. 

vulgatum,  L.    Adder  Tongue  Fern.    A. 
Osmunda,  L. 

cinnamonea,  L.    B — e.  and  A.  r^  T 
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Osmanda,  L. 

interrupta,  li£x.    B.  B— e.  and  A. ' 

spectabilis,  O,  rtf^o^u,  A&.   W.    B.  B— e.andA. 
Polypodium,  L. 

calcareum,  Sm.    A.  and  B — e. 

connectile,  W.    P,  phigojoUrU.  U  fi.  A.  and  B— a. 

hezagonopteraiB,  Mx.    A.  and  B~e. 

Tulgare,  L.    Polypod.    B.  A.  and  B — e. 
Pteris.  L. 

aqailina,  L.    Cainman  BrMk€.    B.  B*-f .  and  A.  . 

atropurpurea,  L.    Ro€k  Brake,    A. 
Struthioptens,  W. 

Pennsylvanica,  W.    A.  and  B. 
Woodsia,  R.  Brown. 

ilvensis,  Ph.  W.  rufidula,  Beck.  A.  and  B. 
Woodwardia,  Smith. 

angastifolia,  Sm.  W.  <modeeides,  W.  N.  B 

Virginica,  W.  Tewksbury,  Big.  Maiden.  Curtia. 

LYCOPODIACEf. 

Lycopodium,  L.     Ground  Pine. 
annotinum,  L.  A. 
apodam,  L.  A. 

cia varum,  L.    Club  Moss,    B.  B — e.  and  A. 
Carolinian  am,  L.  B. 

complanatam,  L.    Cfrormd  Pine.   B.  B«~e.  and  A.  * 
dendroideum,  Mx.  do.        B.  B— e.  and  A. 

inundatum,  W.  N.  B. 

lucidulum,  Mx.    Moon  FruU  Pine,    B.  wd  A. 
rupestre,  L .  .B.  B— e.  and  A. 


TRIBE  II.— MUSCOIDEiE.  ' 

No  Catalogues  of  the  remaining  orders  of  plants  have  been  pobliaiied  in 
Massachusetts,  except  for  Berkshire  County  and  the  vicini^  of  Amheist  Col- 
lie, or  the  valley  of  the  Connecticut.  B— 4s,  as  usual,  is  added  to  thoae  species 
that  are  found  in  Berkshire :  and  B— e  *  to  the  few  that  are  peculiar  to  Berk- 
shire. All,  that  have  not  the  star  annexed,  occur  ia  the  Connet^cal  VaUey, 
and  doubtless  this  list  falls  far  short  of  the  actual  number. 

MOSCl. 

Anictangium,  Hedw. 

filiforme,  Hedw.    Hedwigiafiliformis^  P.  de  Bta%}\  B— ^. 
Anomodon,  Hooker  and  Taylor. 

viticulosum,  H.  and  T.    Neckera  vUictUosa,  Hedw. 
Arrhenopterum,  Hedw. 

heterostichum,  Hedw,    Byrum  arrkenopierwn,  DHL 
Bartramia,  Hedw. 

crispalSw.    B~e. 

fontana,  Hooker. 

gracilis,  Sm.     Oederi,  Sch^aegrichen. 

pomi(brmis>  Hedw. 
Bryum^  L. 

androgynum,  Hedw. 

aureum. 

argenteum,  L.  B— e. 

csespiticium,  L.   B— e. 

cuspidaturo,  Schreb.    B— e. 

nutans,  Schreb.     Wehera  nutans,  Hedw.    Br^e. 

punctatum,  Schreb. 
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Pryuro,  L. 

roseum,  Schrcb.    B— e. 
triaaetrum,  Tamer.    Meesia  lorigueta^  Hedw, 
tarbinatum,  Sw. 
Buxbauroia,  L. 
a^hylla,  Ii. 
Catharinea,  £hrb. 

undulata,  Web.  and  Mohr.    Polytrichwn  undulatuMt  Osdw. 
Climacium,  Web.  and  Mohr- 

AmericaDum,  Brid.    Hyjmvm  dendraides,  L.  B-^e. 
Dicranum,  Hodw. 

cerviculatum,  Hedw. 
glaucum,  Hedw.    B — e. 
neteromallum,  Hedw.    B — e. 
orthocarpon,  Hedw.    B— e. 
polycarpnm,  Ehrh. 
scoparium,  Hook,  and  Tay.  B — c. 
strictum,  Brid. 
undulatum^  Ehrh. 
Dipbyscium,  Web.  and  Mohr. 

foliosum,  Web.  &  Mohr.  HymenopogonheterophyUuMf  P.  de  B. 
Didymodon,  Hedw. 

porpureum,  Hooker  and  Tay.  Dicranum  pwpwmtmt  HBdu. 
Diplocomium,  Web.  and  Mohr. 

longisetam,  Web.  and  Mohr.  B~e.    Mxsia  Umgiseta. 
Encalypta,  Schreb. 

ciliata,  Hedw.    Deerfield. 
Fbsidens,  Hedw. 

adianthoides,  Hedw. 
taxifolius  1  Hedw. 
Fontinalis,  L. 

antipyretica^  B— c. 
squamosa.   Dr.  J.  Porter.  ManaehuMtts. 
Funaria,  Hedw. 

fiavicans^  Muhl.  B — e. 
hygrometrica,  Hedw.  B— e. 
Griromia,  Hedw. 

.   leucophoea,  Hook,  and  Tay. 
ovatal 
pilifera,  Mx. 
palvinata,  Smith. 
Gymnostomum,  Hedw. 
Drummondi,  Hook, 
prorepens,  Hook, 
pyriforme,  Hedw. 
Hypnum,  Hedw. 
abietinnm,  L. 

acominatnin.  B — e.  •  / 

confertum,  Dicks. 
Cooleyanum,  Spreng.  B-^e. 
cristacastrensis,  L.  B— e. 
cupressiforme,  tiook.    B — e. 
cuspidatum,  L. 
dcnticnlatmn,  L. 
dimorphum,  Brid. 
filicinom,  L. 
fragile.Biid. 
hians,  IVlahl. 
imponens,  Hedw.  B— e - 
latescens,  Schreb. 
minutulum,  B — e.* 
proliferum. 
riparium,  Hook, 
rutabulura,  B — c.  ♦  r^  i 
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Hypnum,  Hedw. 

salebroeom,  B — e.  * 

serpens,  L.  B — e. 

striatam,  Schreb. 

tenaz  1  Hedw. 

Torreyanum,  Sprengr. 

triquetraiDi  L.  B— e. 
Leskea,  Spreng. 

acuminatiL  Hedw.  B— e. 

curTata,  Voit.   Deerfield. 

obscura,  Hedw. 
Leucodon,  Schwaeg. 

sciaroides,  Schwaeg. 
Neckera,  Hedw. 

minor,  P.  de  Bean  v. 

pennata,  Hedw.  B— c. 
Orthotrichum,  Hedw. 

affine,  Hook,  and  Tay. 

anomalum,  Hedw. 

clarellatum. 

crispnm,  Hook,  and  Greville. 

cupulatam,  Hoffm? 

Drnmmondi,  Hook,  dt  Grev. 

Hutchinsiae,  Hook.  &  Grev. 

pumilum,  Swartz. 

speciosnm. 

strangulatum,  P.  de  Beauv. 

reticalosum. 
Polytrichum,  L. 

aloides,  Hedw.    B— e. 

alpestre,  Funck.  Dr.  J.Porter. 

commune,  L.  Dr.  J.  Porter. 

formosom,  Hedw.     . 

juniperinum,  W.  B — e. 

paUidisetum.  Hook.  dtXaylor.  Dr.  J.  Porter. 

peri^oniale.  B— e.  • 
Pterogonmin,  Sw.  Pterigynandrum,  Hedw. 

apicalatUDL  Brid. 

hirtellum,  Hedw. 

intricatum^ — e.  • 

jniaceum,  Hedw. 

subcapillatum,  Hedw. 

trichomitrion,  Swartz.    B— e. 
Sphagnum,  L. 

acotifoUum,  Hook,  and  Tay. 

latifolium.  B—e.  * 

obtusifolium.  Hook,   evmlnfolium^  Sto. 

sauarrosnm,  Web.  ana  Mohr. 
Tetraphis,  Hedw. 

pellucida,  Hedw. 
Timmia,  Hedw. 

cncullata,  Mz.  B— e. 
Trematodon,  Rich. 

longicollis,  Rich.  Deerfield. 
Trichostomum,  Hedw. 

pallidum.  Hedw.  B— e. 
Weissia,  Hedw. 

controversa. 

microdonta,  Hedw.  B— e. 

viridula,  Hedw.  B — c. 

H£PATIC£< 

Anthoceros,  L. 
Icvis,  L- 
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Blaaia,  L. 

pusilla,  L.    Jungp.rmanmia  hlasi4£.    Hook. 
JuDgermannia,  L. 

tridentata,  Schw.  Dr.  Porter. 

complanata,  L.    Plaited  Moss. 

ciliaris,  L.  J.  sertularioUes,  Mx. 

dilatata,  Web.  Dr.  Porter. 

multifida.  L.       Do. 

pingais,  L. 

platyphylla,  L. 

porelIa,Dickson.Ware.  Mr.  Emerson  Davis. 

scalaris,  Schwein. 

sph%gsdJ>ic,kxreniLUaa^Hook4-  Tay.  Dr.Porter. 

tamarisci,  Martens. 

tomentellsuEhrh. 

trilobata,  Web. 

tridenticuiata,  Mx. 
Marchantia,  L.     Liverwort. 

conica,  L.  B — e. 

crinita,  Mx. 

cruciatal  L.  Stawropkora  fndckeUa,  W. 

polymorpha,  L.    Brook  Liverwort.    B— e. 

triceps,  Schw.  MS. 
Riccia,  L. 

fluitans,  L.  Forkstetfis.  B— e.  * 

natans,  L.    Floating  lAveneort.  B — e. 

lutea. 

CHARACEf. 

Chara,  L. 

flexilis,  W. 
foliosa,  W. 
vulgaris,  L.    Feather  Beds. 

TRIBE   IIL-APHYLLiE.  OR  LEAFLESS  FLOWERLESS 

PLANTS. 

L1CHBNE8. 

According  to  Acharius,  except  where  other  authorities  are  mentioned. 
Alectoriik. 

jubata.    Negro  Hair. 
Arthonia. 

pimctiformis. 

radiata. 
Bsomy&eB,  Pers. 
.    roseus,  Pers. 
Bofrera, 

chrysophthalma.    On  the  coast. 
Calicium. 

^aercinum.    Plainfieid. 

ligillare.   Cummington.  Dr.  Porter. 
Cenomyce. 

allotropa. 

baccillaris. 

botrytes. 

capitata: 

coccifera. 

endivosfolia. 

ctespititia. 

gonorega. 

pyxidata. 

rangiferina. 

Vars.  Isylvatica. 

2  aljpestris. 

3  minor, 
venicillaia. 
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Cetraria. 

ciliaris. 

glauca. 

lacunosa. 

viridis,  Schw.  Abington.  Dr.  Porler. 
Collema. 

furviim. 

iuglandii,  Schw. 

faceram. 

tanaeforme. 
Cornicularia,  Schreb. 

fibrillosa. 
Endocarpon,  Hedw. 

Hedwigii,  Ach.  Dr'.  Porler. 

miniatum,  B — e. 

smaragdulura.    Plainfield.  Dr.  Porter. 

Weberi.  do.  do. 

Evernia. 

prxmastri.  Borrera  purputaeraj  Spreng. 
•  Graphis,  Adanson. 

scripta. 
Gyrophora. 

deusta. 
'  Muhlenbergii,  B — e. 

papulosa,  B — e. 

vellea. 
>  Hysterium,  Tode. 

rufescens,  Schw. 
i  Lecanora. 

albelia. 
.   atra.    var.  liquatilis. 

'brunnea. 

-  ccesio-rubdia. 
candellaria. 
fulra,  Schw. 

*  granalosa. 
:  parella. 

salicina.  Plainfield.  Dr.  Porter. 
:   Smithii,  Ach.  Abingron.  Dr.  Porter. 

-  sophodes  ? 
sopfusca. 
tartarea. 

•  tuberculosa, 
varia. 
vitellina. 

Lee  idea. 

albelia,  Schw:  MS. 

albo-€8eruIescens. 

cameola. 

confluens.    Chesterfield.  Dr,  Porter. 

demissa. 

Ehrhartiana. 

immersa. 

oedeh  1 

parasema. 

subfusca. 

umbrina. 
Lepraria. 

sulphurea. 
Nephroma- 

resupinata,  Spreng. 
Opegrapha. 

macularis.   Plainfield.  Dr.  Porter. 
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Pinnelia.    Shield  Lichen, 
aipoUa. 
aleorites. 


ca^rata. 

ciliaris  7 

colpodes. 

comigata. 

crinlta? 

cristuiata. 

cycloselis. 

herbacea. 

oUvaeea. 

parietina. 

perforata; 

physodes. 

physodoides,  Schw.    BIS. 

placorodia,  MokL 

plambea. 

rntilans.  Plainiield.  Dr.  Porter. 

sazatilis. 

scortea; 

stellaris. 

tiliacea. 

Qlothrix. 

renusta. 
Peltidea. 

apthosa. 

canina. 

horizontalis. 

scutata.     T\irg€t  Lichen: 

venosa. 
Porina. 

lallaz. 

papillata. 

pertosa^' 
Pyrenula,  Sprene. 

enteroleaca,  Spreng.  Plainfield.   Dr.  Porter. 
Ramalina. 

fasti^ta. 

fraxinea. 

poljonorpha. 
Stereocaulon,  Sehreb. 

paschale. 
Sticta,  Sehreb. 

avrata,  Smith  in  Rees'  Cyc.  Western.  Dr.  Porter. 

crocata.  Aslifield.  Dr.  Porter. 

paUnooacea. 

■crobiculata. 

sylvatica. 
Uanea,  Sehreb. 

'florida,  Hofim. 

plicata,  Hoffin. 

sui^fosa.  Plainfield.  Dr.  Porter. 
Varlolana,  Pers. 

corallina.  Piainlleld.  t>r.  Porter. 

relata. 
Yerruearia. 

gemmata. 

stigaatiUa,  PlaiafieUL  Dr.  Porter. 
ruKei. 
.^eidium,  Pers. 

helianthi  mollis  7*>Sch  v. 

soUdaginiS)  Schw.  and  many  others. 
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Agaricus,  L, 
alneos,  L 

campestris,  L.  B — e. 
coccineus.    B— «.* 
coriftceus,  Ball, 
dissemmatus,  Pent, 
papyraceus.    B— e.« 
salignns.  Pen. 
trabeofll  Pers. 

velntipes,  Curtis.     And  several  decades  more  imdetenniaed, 
Amanita,  Pers. 

cesareas,  Schaeff. 
linda?  Pers. 
Arcyria,  Pers. 

punicea,  Pers. 
Boletus,  L. 

adustus,  W.    Pohfporus  ad^stus.  Fries. 
alneus,  Pers.    P,  cuHcuiaris,  FY. 
badius,  Pers.    P.  varvug^  Pr. 
betulinus.  Ball.    P.  betnli'nus,  fV, 
bovinas,  L. 

brumalis,  Pers.    P.  brumalis,  JFV, 
carbonarias,  Schw.  MS. 

cinnabarinus,  Jacq.    P.  eiwnabarinusj  Fr, 

citrinus,  Planer.    P.  fidfhwrem.  Fr, 

commanis.    B — e.* 

conchifer,  Schw. 

delicatalos,  Schw.  MS. 

ferrugineas.;Schaeff. 

igniarius,  L.  B— <. 

isabellinus,  Schw.    P.  isabeUinus.  Fr. 

leptocephalus,  Jacq.    P.  Uptocepkahts,  Fr. 

lucidus,  Curtis.    P.  lucidus,  Fr. 

lutans.  B-— e.« 

mucidus,  Pers.    P.  mucidus,  Fr. 

nigro-marginatus,  Schw. 

nilidus,  Pers.    P.  nitidus,  Fr. 

perennis,  L.    P.  peren/nis,  Fr, 

poJycephalus,  Pers.   P.  umhelUt^iu,  Fr. 

ramosus,  Ball.    P.  imbriaUus,  Fr. 

reticalatus.  Pers.    P.  reUcuUUus,  Fr. 

salicinus,  Pers.    P.  salieinm,  Fr. 

sqamosas,  HodsoD.    P.  squam^aus,  Fr. 

ttthpiferBB,  Schw. 

varias,  Pers.    P.  vHus,  Fr. 

veluiinus,  Pers.    P.veMinm.Fr. 
^  versicolor,  L.    P.  virsuoior,  Fr. 
Bovista,  Dillenius. 

nigresccns  7  Pers.    Puf  Bali. 
Cantharellus,  Adanson. 

posiUus,  Fries. 

undalatas  ?  Fries. 
Clavaria,  Vaillant 

aurantiaca,  Pers. 

coralloides,  L. 

helveloides?  Withering. 

pistillaris.  L. 

rufa?    Muhl. 

tenuis,  Sowerby. 
Dsdalea,  Pers. 

albida,  Schw.    SisiMrtma  riolMXUvt,  Pers. 

cmerea,  Pries. 

conOra^rosa,  Bolton. 
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EHedalea,  Pers. 

latissima,  Fries. 

quercina. 

sepiaria,  Walfen. 
Fistulina,  Bull. 

hq>atica,  Fries.  Boletus  kepaUcus,  Pert,  Plainfield,  Dr.  Porter. 
Fugligo,  Pers. 

rufa  ?  Pers. 
Geastrum,  Pera. 

hygrometricum,  Pers. 

roiescens,  Schaefi*. 
Geoglossum,  Pers. 

hirsatam,  Pers. 
Glonium,  MuM. 

stellatam,  Mahl. 
Gyropodium,  Schw. 

coccineom,  Schw.    MS.    MUremyces  UUeseens^    Sehw.  in  Sy* 

[nopsi  FStngorum  Carolina. 
Helotium,  Pers. 

acicalare  1  Pers.    Peziza  Helot,  acic.  Pries. 
Helvella,  L. 

albida,  Ball. 

escidenta,  Pers. 

mitra?  L. 
Himantia,  Pers. 

Candida,  Pers. 

domestica,  Pers. 
Hydnum,  L. 

corailoides,  Scop.   Conway  and  Ashfield. 

coriaceum,  Torrey.    MS. 

cyathiforme,  BuU. 

^elatinosam,  Scop. 

imbricatmn.  L. 

occarium,  Batsch. 

repandom,  L. 

tomentosum?  L. 
Hysterium,  Tode. 

pulicare,  Pers. 

rufescens,  Schw.* 
Lcolia,  Hill. 

chlorocephala,  Schw. 
Licea,  Schracier. 

variabilis,  Schrad. 
Lycogola,  Pers. 

miniata,  Pers.  ' 

Lycoperdon,  L.  Puff  Ball.     Smoke  Ball. 

bovista,  Pers.  non  Bull.  B — c. 

ezcipuliforme,  Scop. 

molle  7  Pers. 

pratense,  Pers. 

pyiiforme,  W.  B— e. 
Merisma,  Pers. 

cristatum.  Pers.  T^elephora.  Metis,  crist.  Pries 
Merulius,  Haller. 

agarieoides,  Schw.  MS. 

cantharellus,  Pers.  Cantkarellus  cibarius^  Pries. 

comucopiodes,  With.  Cantharellus  Com.  Pries. 

elegans,  Pers. 

tremellosus,  Schrad. 
Morchella,  Dill. 

esculenta,  Pers. 
♦  Inserted  by  mistake  among  the  Lichens. 
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Morcheila,  Dill. 

patola  1  Fries. 
Macor,  L. 

hertNuiomm,  Wigg. 

mncedo,  Pen. 
NsmMpon,  Spreng. 

croceaJPen. 
Nidularia,  Bail. 

campunnlata,  Sibth.    Cfmikms  0ila,  Pt$. 

striata,  Bull.    CytUhut  UriOus,  Htfm, 
Pezixa,  L. 

aeetabalum,  L. 

aurifonnis.  Bchw. 

tvnnnea^rries. 

citrina,  Batach. 

clypeatal  Schw. 

hemispherica,  Wigg. 

i&qniaaas,  Pers. 

lenticQlans,  Boil. 

mitrola,  Bchw. 

nlgrella,  Pers. 

scQtellata^ 

umbriiukPerB. 
Phallua,  Mx. 

impadicns,  L.  B— e. 
Physarvm,  Pers. 

ciiiereiim.1  Pers. 
Polyporus,  Micheli. 

abietinns.  Fries.    SitMrema  vtWacrum,  P^rs. 

croceiis,Fries. 
Racodiam,  Pers. 

xylostronuLpers.    XfUUroma giganUum,  T*o4£,  Oak LuUker, 
Rhizomorpha,  Pers.  [Pwdt. 

snbcorticiJis,  MicheU. 
Scleroderma,  Pers. 

eervioom,  Pers, 
Sclerotium,  Tode. 

radiciforme,  Schw.  MS.  A  remarkable  subterranean  species. 
Sistotrema,  Pers.  {Conwa/ 

clnerenm,  Pers. 
Spermoedia,  Fries* 

clavns.  Fries.  ScUroimm  CZavus,  Ik  Cand,  BrgoL  B— «. 
Sphttria,  Hall. 

bolbosa,  Pers. 

concentrica,  Tode. 

caryiT08tris,Schw.MS.ii9i»  enrviroUra^Sow^r^. 

decolorans,  Pers. 

tyagiformis?  Pars. 


prrosa,  Schw. 
nypoxvlon 
lata^  Pers. 


kypoxvlon,  Pers.    Dr.  Porter. 


mibtai^  L. 

nivea,  uoi&n. 

polpiiorpha^Pers: 

nibiginosa,  rers. 

scp^ria,  Schw. 
Stemonitis,  Gleditsch. 

fasciculata,  Pers. 
Thelephora,  Enrh. 

aurantia,  Ehrh. 

caryophylla,  Schaff. 
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ThelephoVa,  Ehrh. 

crispa,  Pers. 

fasciata,Schw. 

feiruffinea  JPers.     No.  9. 

flabeUaris,  Fries. 

frostulatajPers. 

gigantea.  Fries. 

hirsnta.  W. 

hydnoiaea,  Pers. 

incamata,  Pers. 

laevis,  Pers; 

multipartita,  Schw.  MS. 

palmata.  Fries. 

polygoiua,  Pers. 

parpnrea,  Pers. 

qaercina,  Pers. 

mbiginosa,  Schrad. 

rugosa,  Pers. 

spadiceal  Pers. 

terrestris,  Ehrh. 

verrucosa,  Schw.  MS. 
Tremella,  Dill. 

mesenterica,  Retz. 
Trichia,  Haller. 

varia,  Pers. 
Tubercukria,  Tode. 

castanea,  Pers. 

pezizoidea,  Schw.    MS. 

rosea,  Pers. 

vulgaris,  Tode. 
Tubulina,  Pers. 

failaz?  Pers. 

fh|^ormJs»  Pers. 
Uredo,  rcrs. 

caricis,  Pers.    On  Carex  varia. 

flava,  B— €.• 

linearis.  Lamb.    On  ike  Uavts  of  Oats,  Rye,  Wheat,  <f>«. 

zesB,  Schw.    SmMt  on  Indian  Com, 
Xyloma,  Pers. 

acerinnm,  Pers. 

andromedie,  Pers. 

So  far  as  I  know,  scarcely  any  attention  has  been  given  to  this  order  of  plants  in 

Massachusetts. 

Conferva,  L.    Frog^t  Spittle, 

fontinaUs,  L.    et  plores  alis. 
Fucus,  L. 

nodosum,  L.         )  On  the  coast  with 

vesicnlosus,  L.     $  o^^  species. 
Laminaria. 

saccharina,  Agardh.    Kilp,  DeviP$  Apron. 
LanaaDia,  Agardh. 

flaviatiUs,  Agardh.    Turners  Falls. 
Solenia,  Agardh. 

compressa,  Agardh.    On  the  Coast. 
Spongia,  L. 

fluviatilis,  L.    Leverett  and  Chesteifield.    Enumerated  among  the  radi- 
ated animals.    But  most  probably  it  is  a  plant. 
Spherococus,  Agardh. 

confervoides,  Agardh.    On  the  coast 
Uha,  L. 

lactnca,  Asardh. 

latissima,  L.    On  the  coast^  with  several  other  species. 
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General  Summary, 


Summary   of   the  Genera   and  Species  of  Plants  in  the  preceding 

Catalogue, 

FLOWERING  PLANTS. 


Orders.  No. 

1  Acerineae, 
3  Alismaceae, 

3  Amaranthaceae, 

4  Anacardiaceae, 

5  Amygdaleae, 

6  Apocyneae, 

7  Araliaceae, 

8  Arlstolochiae, 

9  Aroideae, 

10  Artocarpeae, 

11  Asclepiadeae, 

12  Asphodeieae, 

13  Bal&amlDeae, 

14  Berberideae, 

15  Betulineae, 

16  Boragineae, 

17  Cacteae, 

18  Callitrichlneae, 

19  Campanulaceae, 
90  Caprifoliaceae, 
31  Caryophylleae, 
22  Gelastrineae, 

33  GeratophvUeae, 

34  Chenopodeae, 

35  Cinchonaceae, 

36  Circaeaceae, 
Sn  Cistineae, 

38  Compositae, 

39  Coniferae, 

30  Convolvulaceae, 

31  Crassalaceae, 
33  Cruciferae, 

33  Gacarbitaceae, 

34  Capuliferae, 

35  Cyperaceae, 

36  Dioscoreae, 

37  Dipsaceae, 

38  Droseraceae, 

39  Ericeae. 

40  Eaphoroiaceae, 

41  Floviales, 

42  Fiimariaceae, 

43  Grentianeae, 

44  Oeraniaceae, 

45  Gramiseae, 

46  Grossuiaceae, 

47  Halorageae, 

48  Hamamelideae, 

49  Hydrocharideae, 


G€fi.  No. 

SpecUs. 

1 

5 

2 

5 

1 

5 

1 

7 

3 

9 

1 

3 

3 

5 

1 

1 

6 

7 

1 

3 

1 

11 

3 

4 

1 

3 

2 

3 

4 

11 

6 

10 

1 

1 

1 

3 

1 

3 

9 

34 

11 

36 

1 

1 

1 

1 

6 

14 

3 

2 

1 

2 

3 

7 

38 

150 

4 

13 

2 

4 

1 

1 

15 

23 

2 

2 

4 

15 

9 

124 

1 

1 

1 

1 

1 

3 

11 

18 

3 

5 

4 

13 

3 

5 

5 

10 

1 

3 

47 

121 

1 

8 

3 

7 

1 

1 

2 

2 

Orders.        No. 

50  Hydropeltideae, 

51  HydrophylLeae, 

52  Hypencineae, 

53  Hypozideae, 

54  Ilicineae, 

55  niecebreae, 

56  Irideae, 

57  Jnglandeae, 

58  Juncagineae, 

59  Jonceae, 

60  Labiatae, 

61  Laurineae, 

62  Legaminoseae, 

63  Lentibaiahae, 

64  Liliaceae, 

65  Lineae, 

66  Lobeliaceae, 

67  Loaseae^ 

68  MaffnoUaceae, 

69  MalYaceae, 

70  Melastomaceae, 

71  Melanthacee, 

73  Menispermaceae, 

73  Myriceaei 

74  Nvmphaeacfeae, 

75  Oleaceae 

76  Onagrariae, 

77  Orchideae, 

78  Orobancheae, 

79  Oxalideae, 

80  Papaveraceae, 

81  Phytolacceae, 

82  Pistiaceae, 

83  Piantagineae, 

84  Plataneae, 

85  Plumbagineae, 

86  Podophylleae, 

87  Podostomeae, 

98  Polygaleae, 

99  Polygonede, 

90  Pomaceae, 

91  Pontederiae, 

92  Portolaeeae, 

93  Primulacea, 

94  Pyrolaceaee, 

95  Ilanuncnlaceae, 

96  Restiaceae, 

97  Rhamneae, 

98  Rhinaathaceae, 


Gen: 

No.  Spi. 

I 

1 

I 

3 

1 

9 

1 

1 

3 

5 

1 

1 

3 

3 

2 

5 

2 

2 

2 

13 

32 

36 

1 

2 

17 

43 

1 

7 

2 

4 

1 

1 

1 

7 

1 

1 

3 

2 

4 

5 

1 

1 

3 

2 

u 

1 

2 

3 

2 

3 

2 

4 

3 

11 

15 

32 

2 

3 

1 

3 

2 

2 

1 

1 

1 

3 

1 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

5 

2 

24 

2 

5 

2 

3 

2 

2 

6 

10 

2 

9 

10 

28 

1 

2 

2 

3 

4 

5 
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Orders.        No, 

Gen. 

99  Rosaceae, 

10 

100  Salicariae, 

3 

101  Sallcineae, 

.2 

102  Sanguisorbeae, 

1 

103  Santalaceae, 

2 

104  Sarraceniae, 

1 

105  Sazifrageae, 

5 

106  S^lerantheae, 

1 

107  Scrophiilahoeae, 

11 

106  Smilaceae, 

6 

(i 

110  Staphylaceae, 
in  Steflatae, 

1 

1 

No.  Spe. 

Orders.             No 

Gen. 

No.  Spe. 

36 

112  Thymeleae, 

1 

1 

5 

113  Tiliaeeae, 

1 

2 

22 

114  Typhaceae, 

115  Ulmaceae, 

2 

5 

1 

2 

3 

3 

116  Umbelliferae, 

16 

21 

1 

117  Urliceae, 

4 

8 

7 

118  Vaccineae, 

2 

11 

1 

119  Verbenaceae, 

2 

28 

120  Violaceae, 

1 

17 

20 

121  Vites, 

2 

9 

122  Xanthoxyleae, 

1 

1 

123  Xyrideae. 

1 

11 

Whole  No. 

454 

1246 

FLOWER  LESS  PLANTS. 


Orders,           No. 

of 

Genera, 

No,  of  Species. 

1  Algae, 

8 

10 

2  Characeae, 

1 

3 

3  Eqnisetaceae, 

4  FUices, 

1 

6 

16 

42 

5  Fungi, 

49 

176 

6  Hepaticae, 

7  Lichenes, 

5 

94 
110 

8  Lycopodiaceae, 

9  Mosci, 

1 
31 

9 
110 

Whole  No. 

140 

491 

ADDENDA. 


Since  the  preceding  Cataloeues  were  printed,  an  addition  to  the  list  of  Birds  has  been  received.    It 
formed  a  part  of  a  Report  to  the  Buston  Natural  History  Society,  by  C.  C.  Eraeison  Esq. 

LAND  BIRDS. 

Muicieapa  acadlca,  Cbmel.  Omalt  Pewee.  One  of  the  most  common  summer  birds,  arriving  itoai  tlie 
South  about  the  last  week  In  ApriL  and  leaving  us  about  the  beginning  of  September. 

Sylvia  discolor,  VlelU.  PnarU  Warbler.  Rare  in  the  Atlantic  Slates :  comes  in  Hay,  and  retains 
to  the  West  Indies  about  the  middle  of  September, 

Sylvia  Philadelphia,  Wils.  ifouming  WarNer.  Seen  in  Botanic  Garden,  Cambridge,  by  Mr.  Nut- 
tall.  May  90th.  1881. 

Regnlus  eafendulus,  Stephens.  Bon.  Ruty-crouned  Wrm.  Never  observed  in  Massachusetts  in 
I  he  Spring;  but  in  October  and  November  frequents  gardens  and  orchards  on  its  way  to  the 
South. 

Fringilla  Georgiana,  Lath.  Swamp  Sparrow.  Arrives  in  New  England  (torn  the  Southern  States, 
about  the  middleof  April. 

WATER  BIRDS. 

Tetanus    Bartxamius,  Temm.  Bartram*»  Taller.   Breeds  in   MassachusctU.   Very  common  ftom 

Julv  to  August   Goes  South  in  September, 
Lestris    Richardsonli,  Swain.   Kiehardtm't  Jager.  Seen  in  the  winter  in  the  inland  bays  in  BoMen 

Harbor. 
Anas    obscura,  GmeL    Du^  Dudt   Met  with  ftom  Labrador  to  Florida. 
Fuligula  nisca,Bon.    VeivetDuek.   Arrives  in  this  vicinity  fkom  the  North  about  the  dose  ofSep- 


Fuligttla  rublda,  Bon.  RudOy  Duck.  Visits  Massachusetts  in  October,  and  in  the  winter  goes  flur. 
ther  South. 

Fuligula  ferlna,  Stephens.  RedrfieaOei  Duck.  Appears  wlthfnthe  limits  of  4he  United  States  to- 
wards the  close  of  October:  isoften  seen  after  northeast  storms  on  the  Deeding  bars  in  Massa. 
chusetu  Bay. 

Fuligula  rufltorques,  Bon.  Ring-tucked  Duck.  Frequent  in  our  lakes,  estuaries  and  rivers,  at  the 
eommencement  of  winter. 

Phalacrocorax  carbo,   Dumont.    Cormorant.    Foundonbarerocky  Islands  in  the  vicinity  of  Boston. 
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GENERAL  SUMMARY 


Of  the  Number  pf 

Animals  and  Plants- 

So. 

»f  0*ntr». 

N:  tf  Sftcia. 

I.  Mammalia, 

26 

45 

II.  Birds, 

70 

157 

III.  Reptiles. 

7 

34 

IV.  Fishes. 

57 

108 

V.  Shells. 

76 

169 

IT.  Crnstacea, 

26 

38 

VII.  Spiders. 

21 

125 

irill.  Insects. 

501 

2350 

IX.  Radiata. 

18 

27 

Total  of  Animals. 

802 

3153 

X.  Plants.  (Flowering.) 

454 

1246 

(Flowerless.) 

140 

491 

Total  of  Plants. 

594 

1737 
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APPENDIX. 


A    C A  T A LOGU  E 

OF    SPECIMENS    OF    ROCKS    AND    MINERALS, 

ILLUSTftATINQ  THE  REPORT  OP  A  GEOLOGICAL  SURVEY 
OP  MASSACHUSETTS,' 

Made  by  Order  of  the  Government  of  the  State. 

This  collection,  which  I  have  made  by  direction  of  the  State,  and  which  I  now 
present  to  its  constituted  authorities,  can  l»e  regarded  as  by  no  means  perfect. 
Several  of  the  rarer  and  less  important  minerals  in  the  State  will  not  be  found  in 
it :  nor  can  I  flatter  myself  that  I  have  obtained  every  variety  of  rock  that  exists  * 
in  our  limits.  Yet  have  I  done  all  in  my  power,  during  the  three  years  that  have 
been  devoted  to  the  geological  survey,  to  procure  a  fair  and  foil  representation  of 
our  rocks  and  minerals.  Not  improbably,  however,  the  proprietors  of  some  of 
the  quarries  of  stone  in  the  Commonwealth,  will  conceive  that  their  own  are  not 
fairly  represented :  for  in  many  instances  I  could  only  procure  such  samples  of  the 
rock  as  presented  themselves  to  my  view  at  the  quarries.  But  it  will  be  easy  for 
any  who  are  disposed  to  do  it,  to  substitute  for  the  specimens  in  this  collection 
others  of  a  better  character.  And  I  would  respectfully  invite  alt,  who  feel  an  in- 
terest in  having  this  collection  exhibit  a  fair  and  full  collection  of  the  mineral  re- 
sources of  the  State,  to  supply  its  deliciencies  as  they  have  opportuni:/.  In  gen- 
eral I  have  reduced  the  specimens  to  rather  a  small  size ;  always  intending,  how- 
ever, that  they  should  fairly  exhibit  the  characters  of  the  rock  or  mineral  from 
which  they  were  broken.  The  great  number  of  specimens  which  I  was  obliged  to 
collect,  (one  suit  for  the  Government,  and  one  for  each  of  the  colleges  in  the 
State,)  compelled  me  to  consult  utility  almost  entirely  ;  and  hence  the  collcciion 
contains  little  display  of  large  and  splendid  specimens. 

The  specimens  in  this  Catalogue  are  arranged  in  the  same  order  as  the  rocks 
are  described  in  the  preceding  Report.  The  specimens  of  the  rocks  are  first 
given,  and  then  those  of  the  simple  minerals  which  they  contain. 

About  130  of  the  specimens  have  been  smoothed  or  polished ;  and  this  is  men- 
tioned under  each  number,  where  such  is  the  case.  Those  specimens  that  have 
been  only  smoothed,  have  been  varnished :  and  this  process  will  need  to  be  re- 
newed occasionally.  I  found  that  in  this  way  the  true  character  of  the  rock 
could  be  brought  to  light  quite  as  distinctly  ashy  polishing:  and  thus  the  expense 
was  considerably  reduced. 

81 
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STRATiriED  ROCKS. 

Alluvium. 
No. 
1-  Alluvial  sand,  Lock's 

2  Alluvial  loaiDj  (polishing  powder,) 

3  and  4       Peat, 

5  do 

6  do 

7  and  8       do 
9  do 

10  do 

11  do 

12  Marl, 

13  Planorbis  parvns  and  bieamatos  in  marl, 

14  do  trirolvis  do 

15  Lymnsa  heterostropha  and  catascopiiun,  do 

16  Cyclas  {nondetcrifi^  J.  M,  Earl,)  in  mar), 

17  Bog  Ore, 

18  d? 

19  do       with  petrified  earez, 

20  Black  Wad,  (earthy  oxide  of  manganese,) 

21  do 

22  do 

Diluvium. 

23  Diluvium, 

24  do  ferruffinous, 
^,  26, 27,  and  28  do            consolidated, 

Ptrula  Carica,  (47  feet  below  the  surfoce,) 

ao  do       worn, 

Naiica  heros, 
Crepidula  fomicata, 
Venus  castanea, 
Mactra, 


30 
31 
32 
33 

Teriiartf  Formaiions. 

35  Clay, 

36  Sand, 

37  and  38  Clay, 

39  do  loamy, 

40  Sand, 

41  Argillo-Calcareous  Concretions  in  Clay, 
42,  43,  and  44  do 

45  do 

46  do 

47  and  48 
49  and  50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 


rrom 

Pond.  Shutesbary 

Pittsfield. 

Leverett. 

Hadley. 

Westoo: 

NorthboroQgh. 

Shrewsbuiy. 

Wilbraham. 

Pittsfield. 

Pittsfield. 

do 

.do 

do 
Brookfieid. 
New  Brainirec. 

do 
Conway. 
Leverett 
Whalidy.. 


Leominster. 

do 
Pownal,  Vt. 
Nantucket. 

do 

do 

do 

do 

do 


Organic  Remains  in  Clay  and  Loam, 


do 

do 

do 
Brown  Hematite, 

do 

do 

do 

do 

do 

do 

do 
Gibbsite, 


Newest  Tertiary. 

Amherst. 

do 
Leominster. 

do 

do 
South  Hadley. 
Amherst. 
Hadley. 
South  Hadley. 
Deerfield. 
South  Hadley  Canal 
Deerfield. 
Charlestorwn. 
Richmond. 
West  Stockbrjdge. 

do 
Richmond. 
Lenox. 
West  Stockbridge. 

do 

do 
Richmond. 


do 

do 

do 
stalactical, 

do 
pavonine, 
compoct, 
mamillaiy, 
with  yellow  ochre, 
with  red  oxide  of  Iron, 
with  radiated  manganese. 


Plastic  Clay  Formation, 

62  to  68  Clay  of  various  colors.  Gay  Head,  Martha's  Vineyard. 

69  and  70  Sand  agglutinated,  yellow,  do 

71  do  white,  do 

72  do  green,  do 
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73  Sand  agglutinated,  with  elay,  Gay  Head,  Martha's  VineyarcL 

74,  75,  and  76   Lignite,  do 

77  Ctnai  tzoee  conglomerate  cemented  by  iipa^  Qay  Head 

78  and  79  do  cement,  argillo— bituminous,  do 


do 
do 
do 
do 
do 
do 
do 
do 
do 
Nantucket. 


80  Specimen  of  oolitic  aspect, 

81  Indurated  Clay,' 

82, 83,  and  81   Impressions  of  Leaves  on  argillaceous  iron  ore, 
86  InqiressiflQ  of  a  seed  vessel, 

86  Vegetable  Remains, 

87  Cast  of  a  Venus  7 

88  Cast  of  a  Tellina. 

89  Cast  of  a  Turbo  7 
91,  ^,93  and  94    Alcyonial 

95  Unknown  animal  relic  in  ferruginous  sand, 

96  Fossil  Zoophyta  in  conglomerate.  Gay  Head,  Martha's  Vineyard. 
97, 98,  and  99  Fossil  CraM  in  green  sand,  do 

100, 101,  and  102    Sharks'  teeth  in  neen  sand  and  conglomerate, 

103  Crocodiles'  tooth  changed  into  flint, 

104  to  108  Vertebrae  (104  and  107  mineralized,) 

109  Fragment  of  a  rib, 

110  and  111  Fragments  of  bone, 

1 12  do  wiUi  lignite  in  quartzose  conglomerate, 

113,114,115       do  m     do  • 

116  do  perforated 

117  and  118  Radiated  and  Fibrous  Pyrites, 
119    Hydrate  of  Iron,  pisiform, 
190  do  mamillary, 

121  do  nodular,  perforated  by  lignite, 

122  and  123         do  do 
124, 125,  and  126  do             columnar, 
127  to  130            do             compact  and  slaty, 
131    Selenite  in  clay  with  lignite, 


Gay  Head. 

do 

do 

do 

do 

do 
Gay  Head. 

do 

do 

do 

do 

do 

do 

do 

do 

do 


New  Red  Sandstone, 


132  Conglomerate,  coarse, 

133  and  134  do         variegated, 

135  do  -  • 

136  do 

137  do 

138  and  139  do 

140  do 

141  do 

142  do 


Greenfield. 
Deerfield. 
of  comminuted  granite,  Bcrnardslon. 

do  Westfield, 

from  the  ruins  of  argiilo-micaceous  slate,  Greenfield. 

do  Bemardston. 

from  micaslate,  (alcoee  slate,  granite,  &c.  Mount  Toby. 


do  do 

do  do 

143  Nodule  from  the  same  con^omemte,  do 

144  Conglomerate  from  the  nuns  of  granite, 


145 
146 
147 
148 
149 
150 


151,  152, 163 


154 
156 

156 
157 
158 


do 
do 
do 
do 
do 
do 


do 
do 
do 


with  a  ferruginous  concretion, 
chiefly  a  nodule  of  granite, 

Trap  Confflomerate, 

Coarse  Red  Sandstone, 
do 


do 
do 
do 


159, 160  Reddish  Sandstone, 


161 
162 
163 
164 


Gray 

Reddish 
do 


do 
do 
do 
do 


Mouth  of  Miller's  river, 
epidotic  do 

do 
South  Hadley  Canal 
Mt  Holyoke. 
Belcherrown. 
Amherst 
South  Hadley  Canal' 
Amherst. 
Turner's  Palls. 
'Mount  Tom,  Northampton, 
do 
Deerfield. 
West&eld. 
Whately. 
Greenfield 

do 
West  Springfield. 
Peerfield. 
Westfield. 
Longmeadow. 
with  pieces  of  fine  red  micaceous  sandstone  partial- 
ly imbedded.  Turner'.  Trails. 


(Hoyt'sCtuarry,) 


water  worn. 


(Hoyt'b  auarry.) 


Turner's  Falls. 
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Fine  red  Sandstone, 


71 
73 
73 

74 
75 
76 
77 
78, 
BO 

SI    Amygdaloidal 

83  do 

SH6  do 

83  Micaceous 

84  di> 


do 

do 

Coarse  gray 

do 

Light  gray 

do 

Darker 

do 

Variegated 

do 

Qmy  fine 

do 
do 

Coarser 

do 

Brecciated 

do 

Micaceous,  gray  do 

do 

do 

do 

do 

119     do 

do 

do 

do 

do 
do 

do 
do 


85,  186  Nodules  of  concretionary  carbonate  of  > 

...  .J 


(smootiied,)  Longmeadour. 

do 
from  the  Adit,  Southamplon  Lead  MincL 

Mount  Holyoke. 
Turner's  Falls, 
and  sub-crystaliine  in  contact  with  lrm>,  TiianV 
Pier,  SoQthBUBbdlesr. 
West  Springfield. 
Amherst. 
Turner's  Falls, 
near  do 
South  Hadley. 
under  the  trap,  Mt.  Uoiyoke. 

do  Mt.  Tom  NorthamptocL. 

Turner's  Fails, 
under  the  trap,  Mount  Tom. 

near  the  trap,  do 

do  Qranby. 

Northampton, 
passiog  into  shale,  South  Hadley. 

Sunderland  Cave. 


do 

Turner's  Falls. 
West  Springfield. 


lime  from  micaceous  sandstone, 

87  Micaceous  Sandstone  with  carbonate  of  Copper, 

88  Variegated         do  Agawam  river, 
do                do 

90  do  do 

91, 19d    Red  shale,  slightly  micaceous,  divided  by  cross  seams,  near  Turner's 

_^  [Falls. 
93   Reddish  fine  micaceous  sandstone,  under  the  trap, 
94, 195  do  onshale, 

96.  197,  198  do  do 

Shale-breaking  into  wedge  form  masses, 

300  do   gray,  hard,  micaceous, 

301  do  yellow  decomposing,  (a  bowlder,) 
902,203do   black  *~^    ^iv 
904        do   do 

905, 906,  a07    Bituminous  Marliie, 
208  do 

909  do  variegated, 

910  do  glazed, 
311, 212    Bituminous  (fetid  /)  Limestone,  Paine's  Uuarry, 

Fetid  Limestone,  very  hard  and  brittle,      do 
do       with  a  smgular  fracture  re-  J  s 

sembling  an  organic  relic,  ^ 
do  Meachams'  (Quarry, 

A rgillo- ferruginous  Limestone,     Agawam  River, 
217, 218,  219    Tripoli,  Paine's  auarry, 

220,  221  do  South  Hadley  Falls,  on  the  W.  Springfield  shore. 

223  to  225    Septaria  or  Ludus  Helmontii,  West  Spring^d. 

226, 227    Concreted  Carbonate  of  Lime,  Moimt  Toby,  Leverett. 

228  do  Sunderland  Cave. 

929  do  Paine's  GUiarry,  W.  Springfield. 

^  do  sialactical,  Sunderland  Cave. 

231    Calcareous  Spar  in  Veins  in  Wcwik  shale,  West  Springfield. 

^2, 233,  234    Satin  Spar  in  red  and  black  shale,  do 

935    Sulphate  of  Baryta,  below  Turner's  Palls,  Greenfield 

^^    Kume,®''''"'^'  ^'^^^^^  ^"^-JMeachams'auar.W.SpringficW: 
^    Bituminous  Coal  in  bituminous  marlite.  West  Springfield. 

238  do  do        with  blende,  do 

239  Blende  and  Galena  in  felid  limestone,  do 

240  Carbonate  of  Iron  in  lenticular  crystals,  Turner's  Falls. 
941                   do?  S.  Hadley  Canal. 
^^  Iron  Sand,  Turner's  Falls. 


313 

214 

915 

216 


Turner's  Falls. 
South  HadlevFalb. 


Titan's  Pier. 
Turner's  Falls. 
South  Hadley  Canal 
Turner's  Falls. 

do 
Amherst. 
South  Hadley  Canal- 
West  Springfield. 

do 
Sunderland. 
West  Springfield, 
do 
r  do- 

do 

do 

do 
do 
do 


'Digitized  by  VjOOQ IC 


Catalogue  of  Specimens. 


657 


243 

245 

246 

247 

219 


Red  Oxide  of  Copper  in  San'fslon^, 
Pyritons  Copper  in  Sandstone, 
Green  Carbonate  of  Copper,  (poor  specimen) 
Bituminous  Coal  in  Sanaslonc, 


do  do 

Anasphaltic  Coal,     do 
Incrustation   of  purple  fluate  of  lime  on 
fetid  Limestone, 
250  to  2S1    Vegetable  Remains  on  bituminous 
shale,  (calamircs  ?) 
do 
do 
Pucoidcs  Shepardi  in  ncAV  red  sandstone, 
do  do 

do    ,  do 

Encrinite  CI)  in  shale, 
Gorgonia  Jacksoni  on  shale, 

do    without  reticulaiions, 

267  Zoophyta  (1)  con/erted  into  flint  in  shale, 

268  to  277  Unknown  Organic  Remains  in  fetid  Limestone, 
278, 279    Ichthyolites  (Palaeothrissum)  in  bituminous  shale, 

280  do       two  fish  in  contact, 

281  do       only  scattered  fragments  of  the  fi>h, 

282  Concretion  {1)  or  Organic  Relic  CO  in  shale, 
Moulds  of  Organic  Relics  (7) 
Organic  Relics  {!)  in  shale  :  or  veins  of  Clay, 


Simsbury  Min'^s,  Granby,  Cf. 
Turner's  Fails. 
Greenfield. 
South  Hadley,  north  pan. 
South  Hadley  Canat 
Turner's  Falls. 


255 

256 

257,258 

259 

260,261 

262,263 

264,265 

266 


283 
284 


Paine's  Cluarry  W.  SpringficKt. 

Sunderland,  north  part. 

West  Spring/ield. 
Snnderland. 
Deerfield. 
Greenfield. 
Deerfield. 
West  Springfield. 
'  do 
do 
do 
W.  Springfield. 
•     Sunderland, 
do 
do 
Turner's  Falls. 
South  iladlcv  Canal, 
do' 


285,  286   (See  the  numbers  following  153  and  182.) 

Graywacke. 

287  Conglomerate,  the  variety  most  common, 

288  do  do 

289  do  do  with  a  vein  of  quartz, 

290  do  do 

291  do  do  reddish. 
307  do  r^dy 

292  do  gray, 

293  do  nodnlcs  chieflj  mica  slate, 

294  do  nodules  fine  mica  slate  or  quartz  rock,  containing  >  j^ij  jjigto^u  r  j 

mag.  ox.  iron,  ' 

295  do  quartzose  brecciatcd, 

296  Breccia,  fragments  of  slate  reunited, 

297  do  do 
296           do  fine,  do 

299  do  fragments  compact  feldspar,  cement 

indurated  wacke, 

300  Breccia,  angular  fragments  of  compact  feldspar  reunited. 

Beach. 

301  do  somewhat  rounded,       do       slaty, 

302  do  do  do 

303  Cluartz  rock,  dark  purple  quartz  and  mica  or  talc, 

304  do        "  do  chiefly, 
305, 306           do  do  with  mica  or  talc 

and  argiUaeeous  matter. 

307  see  No.  following  291. 

308  Gray  wacke  slate  passing  into  mica  slate,  > 
associated  with  Nos.  305  and  306.   ) 

duarlz  rock,  red,  with  red  oxide  of  iron,  Attleborough. 


Dorchester. 

Kwanse^. 

Brookline. 

Attleborough. 

Roxbury. 

i\  ttleborough. 

Natick. 

Bradford. 


Attleborough. 
Natick. 
Randolph. 
Natick. 

I  Saugus. 

Nantasket 


Dorchester. 
Canton. 

Middletown,  R.  I. 
do 

I  Fall  River,  Troy. 


do 


309 
311 
312 
313 
314 
315 
316 
317 


do 

do 

do 

chocolate  color, 

do 

do 

do 

do 

do 

do 

do 

do        slaty, 

do 

do        very  slaty, 

Wrentham, 

Rehoboth. 

Walpole. 

Abington. 

Canton. 

Wrentham. 

Randolph. 
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318 
319 
390 
321 
923 
333 
331 
335 
336 
337 
338 


dnanz  rock  with  reins  of  white  quartz, 

do  red 
TalcoM  Aggregate  (Steachist?)  congUxnerated, 

do  slaty, 

do  do 

do  do 

Classical  graywacke,  gray, 

do  reddish, 


330 

331 

333 

333 

334 

335 

336 

337 

338 

339 

340 

341 

342 

343 

344,345 

346 

347 

348 

349 

350 

351 


do 
do 
do 
do 
do 
do 
do 
do 

do       „-_., 
Qray  wacke  slate,  ffray, 
do  ao 

do  do 

do  light  gray, 


red, 
do  (bowlder,) 

with  veins  of  quartz, 
with  do 

with  do 

do 
with  anthracite, 
gray, 


do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 


do  glazed, 
do 
do 

do  epidotic, 
do 
deep  red  from  oxide  of  iron, 


reddish, 

do  with  qaartz  veins, 

do  divided  by  cross  seams, 

do  do 

do  variegated, 

do 

353  ^  do  red  (argillaceous  slate  ?) 

354  do  reddish  variegated, 
355|356  do  gray, 

357  NovacuUte, 

358  ilrgillaceoup slate— coalmine, 

359  .    do  variegated, 

360  do  rhomooidal, 

361  do  do 
363                 do  laminoe  curved, 

363  do  light  gray. 

364  Argillaceous  slate  with  \ 


365 

366 
367 


370 
371 
373 
.373 
374 
375 
376 
377 


do 
do 
do 
do 
do 
do 


variegated> 
(NovacuUte  1) 


veins  of  calcareous  spar. 


Amphibolic  Aggregate, 
Vanok)idWaciEe, 
do 
do 
do 
do 
«,, ,  do  nodules  quartz  and  epidote, 

378  do  approachmg  to  ^rphyry, 

379  Wacke  from  a  vein  in  granite— lead  mine, 

380  Avmgdaleid  passing  into  siliceous  slate, 

381  siliceous  slate,  porphyritic, 
383  do 

383  do       with  vein  of  granite. 

384,385  do 

-386    Passing  into  Chert, 


IVn 

Oreenbnsh,  Y.  K 
CanU3ii. 
Cambridge. 
Walpole. 
NewDory. 
RehoboiL 

do 
Attleborough. 
UoU. 
Newton. 
Pawtucket. 
Stephentown,  N.  Y. 
Anleborou^. 
Rehoboth. 
Trov,  N  Y. 
Stepnentown,  N.  Y. 
Newton. 
WatertowB. 
Pawinckeu 
Newbury. 
Ne^irport,  R,  I. 
Watertown. 
Natick. 
Newton. 
Taunton. 
Attleborough.    . 

do 
Newbury. 
Pawtucket. 
Wrentham. 
Pawtucket. 
Newbury. 
Milton. 

Newbury,  Kent^  L 
Hull. 

l^assau,  N.  Y. 
•  Charlestown, 
Portsmouth,  R.  L 
Charlestown. 
Rainsford  Island. 
South  Boston. 
Rainsford  Island. 
Hali&z. 
WatertowiL 
Cluincy. 
HuU. 
Boston  iJgfat  House. 
Hingham. 
^ringStreety  Roxtaniy. 
Wateitova. 
MiddletownRL 


Brighton. 
Nantasket  Beach. 


Brigh 
Needham. 
Easton. 
Ncira>rt,B.I. 

do 

do 

Nahant. 

do 
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^7  Jasper, 

i87 1-3     Heliotrope, 

}88  Clouded  Jasper  (Compact  Feldspar  1)  (polished) 

589,390    Jasper,  (dol) 

391  Prase  and  asbestus, 

392  Zoisite  from  the  amphibolic  aggregate, 

393  Cubical  Pyrites  in  anthracitous  slate, 

394  Asbestus  in  slate, 

395  Impressions  of  ferns,  &c,  on  slate, 

396  Equisetum  7  on  anthracitous  slate, 

397  Unknown  impressions  on       do 

398  Calamities, 

399  Nevropteris  %  Ac,  on  slate, 

400  Fucoides  1  in  hard  schistose  rock, 

401  Anthracite  from  gray wacke, 
403  do  do 

403  See  the  No.  following  No.  803. 

Argillaceous  Slate. 

404  Macle  in  argillaceous  slate,  (bowlder,) 

405  Common  argillaceous  slate, 

406  do 

407  do 
406  do 

409  do  . 

410  do  passing  into  mica  slate, 
411,413  do  with  quartz  veins, 
413  do  wavy  surface, 
414,415  do  contorted, 

416  Micaceo-argillaceous  Slate,  in  tcheUon^ 

417  Argillaceous  Slate  much  bent, 

418  do  do 

419  do  axhibitinga  double  flexure, 

420  do  red, 

421  do  gray,  beneath  limestone; 
423  do  epiaotic, 

423    Chloritic  Slate, 

434, 435  Passing  into  Novacnlite, 

426  Chiastolite  in  argillaceous  Slate, 

427  A  card  of  macles. 

Limestone. 

438, 429  White  Marble,  (polished) 
430, 431  do  (do) 

432  do  (do) 

433,434  do  (do) 

435  White  Saccharine  Limestone  (bowlder) 

436  Gran  nlar  white  dolomite, 

437  Gray  Marble  (polished) 

438  do  (do) 

439, 440  Gray  Marble  clouded  (polished) 

441  do  do  (do) 

442  Dove  colored  Marble  clouded  (polished) 

443  Gray  Limestone, 

444  do 

445  do  nearly  compact, 

446  do  do 

447  do  light, 

448  Dark  gray  Limestone  nearly  compact, 
449,450    do  do 

451  do 

453  do  compact  with  veins  of  calc.  spar, 

453  do  with  numerous  veins  of  quartz, 

454  Yellowish  coarse  Limestone  with  a  foreign  mineral, 

455  Micaceous  Limestone,,  mica  and  quartz, 


Newport,  R.  I. 

Saugus. 

do 
Brighton. 
Middletown,  R.  I. 
Wrentham,  coal  mine. 
Somerset. 
Newport,  R.  I. 
do 
do 
Wrentham  coal  mine 
do 
Attleborough. 
Wrentham. 
Portsmouth,  R.  I. 


Worcester. 
Guilford,  Vt. 
Lancaster. 
Shirley. 
Harvard. 
Pepperell. 
Bemardston. 
Guilford,  Vt. 
Glen,  Leyden. 
Guilford. 
Glen,  Leyden* 
Guilford,  Vt. 

do 

do 
Sand  Lake,  N.  Y. 
Chatham,  N.  Y. 
Hancock. 
GKiilford,  Vt. 
Guilford,  Vt. 
Lancaster, 
do 


Adams. 

West  Stockbridge. 

Lanesborough* 

New  Ashford. 

Peru. 

Sheffield. 

Lanesborottgh. 

West  StoclSridgc. 

New  Ashfurd. 

West  Stockbridge. 

Great  Barrington. 

Sheffield. 

Lee. 

Lanesborough. 

West  Stockbridge. 

Pittsfield. 

Williamstown* 

Stephentown,  N.  Y, 

Canaan,  N»  V. 

Chatham,  N.  Y. 

do 
Stockbridge. 

do 


Digitized  by  CjOOQ IC 


660 


Appendix 


45(> 
457 
458 
459 
4ii0 
4G1 

4(J3 
4(V1 
4i>5 

4(i(} 

4ii7 

4(kS  409 
470,  471 
472 


Mi«'areous  Li  median  mira.  ami  quart/. 

«U)  (iu 

lit*  do 

do  du 

do  do 

do  do 

d<-  do 


do 

do 

do  wiih  veins  vi'  argemioc, 

do  deroaipiKeJ  at  the  surlace, 

Gray  LHne>*tone  in  Mica  slate  (lx>wlder.) 

Enc final  Limestone,  ^ 

do  bieciated  (polished.) 

473,  474,  and  475    Disintegrating  Eacrinl  in    do 
47(J    Coai-se  wliile  limestoue  wiiu  grar.liitc  (Bowlder,) 
477  and  47d  do 

479  do 

480  do  micaceous, 


'Canaan,  Ct. 

Laneslviruuglt. 

»Soni)i  Lee. 

Whaiely. 

Oulraiu. 

Conwa\*. 

Heaih. 
South  ao)|)t  oil. 


do  with  reins  of  quartz  and  eaic.  spar,  Coii- 
do  with  Veins  of  sfraniic,  Colrainr       [way. 
Wesihampioii- 
QuUford,  Vi. 
Wiliiani'ihurg. 
Bernard  St  on. 
do 
do 
Blanford. 
do 
Whitingham,  Vi 


481 


do  with  chlorite  (a  bowlder,  Ci»nway,)orii<inally  from  do 


48*2  and  183    Dolomitic  (?)  Limestone, 

481    Fine  granulur  I^olomite, 

485    White  crystalline  fetid  Limestone, 

48G    Petalite, 

487  and  488  White  crystalline  limestone, 

489  do  with  serpentine, 

490  do 

191  and  49*3  Coarse  granular  and  whitish  limestone, 

493  do 

494  Gray  do  do 

495  Compact  light  gray  do 

49(J  Compact  white  iran.slucent  marble  (j>olished.) 

497  Granular  clouded  limestone, 

498  While  do  Harris  Rock, 

499  do  do  Dexter  Rock, 
.500  Flesh  colored  do 

501  Flexible  Marble  Slab, 

502  Laminated  Calcareous  Spar. 

503  Crystalline  do 

504  Ilydrate  of  Iron, 

505  Magnetic  Oxide  of  Iron, 

506  Nephrite. 

507  AUochroite? 

508  Specks  of  Serpentine  in  limestone, 

509  Crystalline  Augite  in  calcareouM spar, 

510  Calcareous  Spar,  wine  yellow,  in  limeslone, 
611  Actyuolite,  in   do 

512  do        radiated  in   do 

513  Compact  purple  scapjlite  &c. 

514  Lilac  do 

515  Crystallized  do        in  gray  quartz, 

516  Dark  gray  do  (Nuttallite) 

517  Sahlite, 

518  do  with  compact  scapolite, 

519  Diopside, 

520  Actynolite, 

521  and  522  Bisilicate  of  Magnesia,  ( Bolton ite,) 
523  and  524  White  Amianthus, 

525  Limestone  and  white  talc, 

526  Crystalline  augite,  scapolite  and  cinnamon  stone, 

527  Cinnamon  Stone  and  Fargasite, 

528  do 

529  Crystalized  Scapolite. 

530  Actynolite, 


Somerset,  Vi. 
do 

Boltua. 
do 
Boxboroagh. 
Littleton. 

do 
Chelmsford. 
Acton. 
Walpole. 

Newport,  R.  Island. 
Stoneham. 
Smithfield,  R.i>land 

do 

do 

do 
New  Ash  font. 
Bernardston. 

do 

do 

do 
Stoneham. 

do 
Boxboroagh. 

do 

do 

do 

do 

do 
Boll  on. 

do 

do 

do 
Acton. 

WbttinjrlKim.  Vt. 
Chelmsforel 
Bolton. 
Chelmsford. 
SmithficldjR.Llaud. 
Carlisle. 

do 

do 
Littleton. 

do 
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531  Phosphate  of  Lime  ia  scapolite, 
583  Sphene  with  scapoUte  ana  petaute, 

533  do  do 

534  do       with  augite  and  scapoiite, 

535  White  ciystalized  Augite  in  dolomite, 

536  Carbonate  of  Lime  and  Angite, 

537  Tremolite  in  Dolomite, 

538  do  do 

539  do 

539 1-3  Spinelle  Pleonaste  in  micaceoos  limestone, 

Scapolite  Rock. 

540  Scapolita  Roek  somewhat  crystalline. 

541  do       compact  (the  common  variety) 
543    do       with  dolomite, 

543  do       with  mica  passing  into  mica  slate, 

544  Claartz,  scapolite  and  augite, 


Littleton. 
Bolton. 
Littleton. 
Carlisle. 
Canaan,  Ct. 
Lee. 
do. 
Canaan,  Ct. 
Sheffield. 
Acton. 


Canaan,  Ct. 
do 
do 
do 
do 


Quartz  Rock. 

545  White  hyaline  Ctuan;  from  mica  slate, 

546  do  do 

547  Whiiiah  Qparu  nearly  opaque     do 

548  do  do  from  a  vein  in 
honibl^4e  slate, 

549  do       coi^taininff  argillaceous  slate, 

560  Fine  white  granular  &naitz, 
551  Raddish  granular       do 
569    do  do 
553  and  564  Gray  do 
555  Dark  gray  do 

556, 567  and  W  Ar^acaona  diftintfigrating  ttaaftz, 
569  Granular  Ctaartz,  striped, 
500  Hyaline  da^k  smoky  Cluartz, 

561  do  do  in  argillaceous  blate, 
569    do       lii^t  smoky     dp 

563  Reddish  compact  Ctuartz, 

564  do  do 

565  Bluish  compact  Gluartz, 

566  Greenish  do 

567  Porous  Quartz  (Qphrstone) 

568  Arenaceous  Quartz  with  actynolite ;  associated  with 

569  Gray  fine  granular  duartz, 

570  do  do 

571  Gray  hyaline  or  coarsely  granular  quartz  with  felds[>ar, 
573  Lignt  gray  granular  Cluartz  with  small  scales  of  mica, 

573  do  do  stratified  (Btthrstone  locality) 

574  The  same  with  more  mica  and  contorted  folia, 

575  Gray  hyaline  quartz  with  mica ;  associated  with  gneiss, 

576  Brecciated  particolored  quartz  with  mica, 

577  Rhomboidal  quartz  with  mica, 

578, 579  and  580  Compact  gray  quartz  with  mica, 
581  GUartz  and  talc, 

583  and  583       do 

584  (Quartz  with  Actynolite  connected  with  gneiss, 

585  do       with  crystals  of  hornblende, 

586  Argillaceous  slate  with  quartz  reins, 

587  Granular  <3tuartz  and  mica,  connected  with  gneiss, 

588  do 

589  do       associated  with  gneiss, 

590  do 

591  do 
593  do 

593  Gluartz,  mica  and  feldspar  passing  into  gneiss, 

594  Q.uartz  and  mica, 

595  do 

82 


under  the  Buhrstone, 


Heath. 
Plainfield. 
Saddle  Mountain. 

Gill. 

Guilford,  Vt. 

Cumberland,  R.  I. 

Berkshire  County. 

Cheshire. 

Pitts&eld. 

Windsor. 

Cheshire. 

Conway. 

Amherst. 

Guilford,  Vt. 

Sterling. 

Leverett. 

Prescott. 

Amherst 

Cumberland,  R.  I. 

Washington. 

neiss,    Pelharo. 

Cumberland.  R.  I. 

Framingham. 

Pelham. 

Lee. 

Pittsfield. 

Lee. 

New  Salem. 

Amherst. 

Northfield. 

Bemardston. 

Webster. 

Hawley. 

Pelham. 

Hawley. 

S.Hadley  Canal. 

Windsor. 

Webster. 

Mendon. 

Webster. 

Pittsfield. 

Dalton. 

Bemardston. 

Framingham. 

Cumberland,  R.  I. 
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596  ttaaitz  and  mica  passing  into  mka  slate, 

597  Arenaceoas  quarlz  and  mica, 
596  Glaartz  and  mica  vescicnlar, 

599  do 

600  (Inartz  mica  and  feldspar,  passing  into  gneiss, 

601  C^aartz  with  argillaceous  slate  near  the  lime  bed* 

608  Brecciated  duartz, 

603  do 

604  605  and  606  do       cement  hematitic  iron, 
607  do       cement  iron  1 

606  do       quartz  and  micaceous  slate, 

609  Gluarlzose  Conglomerate  (bowlder)  cement  mica 

610  do  (do)  do 

611  Cluartz  with  disseminated  iron  pjrrites, 
619  do  ferruginous,  (bowlder) 

613  do  passing  into  yellow  jasper, 

Mica  Slate, 


Hotr^  ai  the  Bridge. 

Plainfield. 
Chesterlield. 
(jonway. 
Mendon. 
Bemardston. 
Leverett. 
Amherst. 
Dalton. 
Amherst. 
Williamsborgh. 
slate,  Windsor. 

Adams. 

Windsor. 

Worthington. 

Chesterfield. 


614 
615 
616 
617 
618 
619 
690 
691 


Mica  Slate,  common,  qoartz  laminar,  mica  scaly,  shining,  Colrain 


694 
695 
696 

er? 

698 
698 
630 
631 
639 
633 
634 
635 
636 
637 
636 
GS9 
640 
641 
649 
643 
644 
645 
646 
647 
618 
649 
650 
651 
659 
653 
654 
665 
656 
657 
658 


661 


do 
do 
do 
do 
do 
do 
do 
do 
do 


do 
do 
do 
do 
do 
do 
do 


do 
do 
do 
do 
do 
do 
do 


do 
do 
do 
do 
do 
do 


of  a  fibrous  aapect, 

do  do       *  do 

do  very  eren  and  shining, 
do  layers  tortuous,  quartz  tuberculous, 

do  do  feldspar  and  quartz  tuberculous,  passing  to  cneiss,  Pitts- 

do  with  feldspar,  passing  to  gneiss,  micashinmg,       Colrain.      [field. 
'  '  Westfteld. 


Peru. 
Blanford. 
Smithfield,  R.  I. 
Shelbnme. 
Florida. 
Framingham. 
Cheshire. 
Northfield. 
WestStockbridge. 
Bolton,  Ct 
Stockbridge. 


do 

do 

"^io 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Talco-micaceous  Slate, 

do 

do 

do 

do 

do 

do 
do 
do 
do 
do 
do 
do 


Mica  Slate,  amphibolic  and  gametiferous, 

do  do  do  with  phosphate  of 

do  do  do 

do  gametiferous, 

do  staurotidiferous, 

do  spangled, 

do       do 

do       do  rhomboidal, 

do       do 
Argillo-micaceous  Slate, 

do  with  seams  transverse  to  the  layers, 

do  rhomboidal. 

do 

do 

do 

do 

do  glazed,  with  quartz, 

do       do  contorted, 

do 

do  with  undulating  surface, 

do  contorted  with  layers  of  quartz, 


Leverett. 

Montague. 

OranTule. 
-    do 

Florida. 

Ware. 
Wachusett,  Princeton. 
Enfield. 

Saddle  Mountain. 
Florida. 

West  Stockbridge. 
Saddle  Mountain. 
Norwich. 
'  lime,  Conway. 
Colrain. 
Chesterfield. 

do 
Goshen. 
Plainfield. 

do 
Norwich. 
Goshen. 
Greenfield. 

do 
Charlemont 
Hawley. 
Heath. 

Iianesborough. 
Glen.  Leyden. 
Guilford,  Yt 
Hancock. 
Bradford. 
Guilfoid,  Vt 
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667 


670 

671 

6*^2 

673 

674 

675 

676 

677 

6TO 

679,680 

681 

682 


684 

685 

686 
687 


Argillo-micaceoiis  slate  contorted  with  layers  of  quartz,  Whately.     . 

do  .  do  Oailford. 

do  Bemardston. 

do  Williamstown. 

do  Saddle  Moantaiu. 

Areaaceoos  Mica  Slate,  Norwich. 

do  passing  into  gneiss,  Bolton. 

do  mostly  quartz,  argentine  locality,  Westhampton. 

do  Norwich. 

do  vesicular  (see  No.  598)  Chesterfield. 

do  Chester. 

do  ^  Norwich. 

do  arenaceous  mica  slate,        Woonsocket  Falls,  Cumberland,  R.  L 

do  Chester. 

do  with  feldspar,  Enfield. 

do  Chester. 

do  whetstone  slate,  ,  Enfield. 

do  do  Norwich- 

.    do  Sherburne. 

do  used  for  monuments,  Halifax,  Vt. 

do  Greenfield. 

do  with  seams  oblique  to  thesurface  of  the  layers,  Deerfield. 

do  do 

ArgDlo-arenaceoos  Slate,  reddish,  at  the  junction  with 


the  new  red  sandstone 
688, 689, 690,         do         .  bent, 
691    Arenaceous  Mica  slate, 
693, 693  do  anthracite  locality, 

694  do  with  a  talcose  aspect, 

695,696,697  do 

^96  do  with  reins  of  granite, 

699, 700  do  mostly  quartz, 

701    Talco-arenaceous  slate--bowlder, 
703    Arenaceous  Mica  Slate, 
T^  do  passing  into  clay  slate, 

2JJ  do  talcose, 

705  do 

706  do  mostly  quartz, 

707  do 
'^^  do  with  veins  of  quartz, 

709  do 

710  do 

711  do 
713                           do 

713  Plumbaginous  Mica  Slate,  contorted, 

714  do 

715  do 

716  Brecciated  Mica  Slate. 

717  Anthracitous  Mica  Slate, 
718, 719  do  anthracite  locality, 

730  Plumbaginous  Mica  Slate, 

731  do 

733  Mica  Slate,  mica  and  quartz  laminar, 
723  do  do 

734  do  conglomerated  passing  into  sienite, 

735  Indurated  mica  slate, 
736,  737    Augite  Rock  associated  with  mica  slate, 

738  Phosphate  of  Lime  in  mica  slate, 

739  Pluatc  of  Lime, 

730  White  milky  quartz, 

731  Fetid  hyaline  quartz, 
733    Fetid  quart^  crystalized, 
733,  734  Rose  red  quartz, 

735  do 

736  Yellow  hyaline  quartz, 
736    Blood  red  do 


Glen.  Leyden. 

do 
Worcester. 

do 

do 

do 
Lunenburg. 
Groton. 
Worcester. 
Dracut. 
Worcester. 
Lowell. 
Methuen. 
Worcester. 
Andover  Bridge. 
Worcester. 
Southampton,  N.  Hampshire. 
East  Sudbury. 
Webster. 
Oxford. 
Worcester. 
Ward. 
Amesbury 

do 
Dudley. 
Worcester. 
Hawley. 
Southampton. 
Northfield,westof  Ct  River, 
Conway. 
Whalely, 

do 
Williamsburg,. 
Norwich. 
"VVestmoreland,  N.  H, 
Warwick. 
Goshen. 
Williamsburg. 
Blanford. 
Chelmsford. 
Colrain, 

do 
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t2n,  738, 739, 740, 741, 743, 743, 744    Gtoartzose  breecit  agMe,  Conway. 
745  do  Amherst. 

Tabular  or  foliated  quartz,  CoDWay. 

do  with  a  pseudo-morphoiLs  aspect,         do 


746 

747 
748 
749 
750 


Yellow  quartz^ 
Fibrolite  in  Mica  Slate, 
Sappare  with  phosphate  of  lime, 
751,758    do 

753  do 

754  Staurotide  in  mica  slate, 
755.  756    Andalusite,  crystalized, 

757  Fibrous  Talc  7  associated  with  andalasite, 

758  Schorl  in  quartz, 

759,  760    Qamets  in  mica  slate, 
761    Crystalized  Epidote  in  amphibolic  mica  slate, 
do  do 


763 
763 
764 
765 
766 


Amherst. 

Lancaster. 

Chesterfield. 

do 
Chester. 
Chesterfield. 
Weslford. 

do 
Blaaford. 
Chesterfield. 
Goshen. 
WilUamsborgh. 


Zoisite  7  with  specular  oxide  of  iron  and  carbonate  of  lime,  Goshen. 


do 


Idocrase,  epidote,  calcareous  spar,  &c. 
Anthophyllite  in  mica  slate, 
767, 768      do 

769    Cummingtonite,  quartz,  and  garnets, 
do 
Black  mica, 

do 
Fibrous  talc  1 


Anthracite  from  mica  slate  (coal  mine,} 

plumbago, 


770 
771 
773 

773 
774 

775  Plumbago ;  or  anthracite  passing  into  pli 

1549  Amianthus,  at  the  anthracite  mine, 

1550  Bncholzite  ? 

776  Red  oxide  of  iron  from  the  vein  of  Manganese, 

777  Oxide  of  manganese, 

778  do  with  siliceous  sinter, 
1037  Ferro-silicate  of  Manganese, 

779  Micaceous  Oxide  of  iron, 

780  Arsenical  Iron, 

781  Crystalized  Arsenical  Sulphuret  of  Iron, 
783  Massive,  do 

783  Carbonate  of  iron, 

784  do 

785  do  with  pyritons  copper, 

786  Galena  and  blende, 

787  Reddish  sulphuret  of  Zinc, 

788  Red  Oxide  of  Titanium, 

Talcose  Slate. 

789  Scaly  greenish  Talc,  serpentine  locality, 

790  do  near  the  steatite, 

791  Foliated  light  green  do 

792  do 

793  do 

794  Green  steatite  or  nearly  compact  talc, 

795  Steatite  with  rhomb  spar, 

796  do 

797  do  with  bitter  spar, 

798  do  with  \irovm  spar, 

799  do 

800  do  bored  for  aqueduct  pipe, 

801  do  very  fine, 
803  do 

803  do 

403  and  1548  do  from  gneiss, 

804  do  with  asbestus, 

805  do  passing  into  serpentine, 

806  Between  steatite  and  chlorite,  from  a  bowlder  orig 

ally  from  Whitingham, 


Chesterfield. 
Worcester. 
Chesterfield. 
Blanlbrd. 
"Warwick. 
Cumimn|:ton. 
WestfieltL 
Norwich. 
Blanford. 
Worcester, 
do 
do 
do 
Conway. 

do 
Amherst. 
Hinsdale. 
Montague. 
Worcester. 

do 

do 

do 
Sterling. 

do 

do 

do 
Conway. 


Westfield. 
Middlefield. 
Rowe, 
Middlefield. 
Windsor. 
Zoar. 
do 
Windsor.  N.  W.  part, 
do  W.  E.  parL 
Smithfield,  R.  I. 
Middlefield. 
Grafton.  Vl; 
Blanford. 
Somers,  Ct. 
Groton. 
Worcester. 
New  Salem, 
do 


?[;j   Conway. 
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807  OariE  green  scaly  chlorite  with  feldspar, 

806  Finer  fFained,       do 

809  Slaty  Chlorite, 

810  do  steatite  Bed, 

811  Chlorite  Slate, 

812  do  vith  red  oxide  of  titanium  and  feldspar, 

813  Talco-chloritic  Slate, 

814  do 

815  do  epidotic, 

816  do       do  and  passing  into  hornblende  slate, 

817  Talcose  Slate-*talc  and  quartz, 

818  do  do  nearly  white, 
819,890    do  do       do 
8dl  do              do  greenish ;  soapstone  quarry, 

833  do  do       do 
8S3  do              do  whetstone  quarry, 

834  do  do 
895  do              do 

836  Talcose  Slate  ;  talc,  quartz,  and  mica, 

837  do  do 
828  do  do 
839  do  do 
830,831    do  do 

839  Talc  and  Limestone, 

833  Talc,  quartz,  and  Carbonat  ^  of  Iron, 

834  Cluartz  and  Hydrate  of  Iron, 

835  Talc,  Cluartz,  and  Hornblende, 

836  do 
837,838,839  do 

840  Tale,  Cttunrtz,  and  Feldspar, 

841  do  porphyritic, 
843  Talcose  Slate,  with  octahedral  oxide  of  iron, 

843  do  do 

844  Micaceous  oxide  of  iron, 

844  1-2  Nfaa&etic  Oxide  of  Iron, 

845  Idag.  Ox.  Iron,  Native  Mapiet. 

846  do  with  ferro-silicate  of  manganese, 

847  do  porphyritic  with  crystals  of  feldspar, 

848  Porous  quartz  with  hydrate  of  iron,  gangue  of  gold. 
949,860    do  in  talcose  slate,  do 

Put  in  the  collection  for  comparison 

851  Gray  oxide  of  manganese, 

853  Bisilicate  of  manganese, 

853  White  bitter  spar, 

854  do  with  green  foliated  talc, 
856  Salmon-colored  do          do 

856  Miasite, 

857  dol 

858  Plcrosmene? 

859  Asbestus, 

860  do 

861  do 

863  Tremolite,  probably  from  the  soapstone  quarry, 

863  Fibrous  hornblende  in  quartz, 
864, 865  Fssciculite  in  talcose  slate, 

866  Crystalized  Actynolite,  in  talc, 

867  do 

868  do 

869  do  radiated, 


Cummington. 
Goshen. 

Smithaeld,  R.  L 
Middlefield. 
Peru. 
Windsor. 
Little  Compton,  R.  I. 
Smithfield,  R.  I. 
Cumberland,  R.  L 
Smithfield,R.  I. 
Litttle  Compton,  R.  I. 
Stafford,  Ot. 
Hawley. 
Middlefield. 
Plainfield. 
Smithfield. 
Florida. 
Lenox. 
Hawley. 
Iron  Mine,  Somerset,  Vt. 
East  side  of  serpentine,  Chebter. 
Barre. 
Rowe. 

Whitingham,  Vt. 
Hawley. 
do 
do 
CharlemonL 
Hawley. 
Smithfield,  EL  1. 
Hawley. 

do 
Blanford. 
Hawley.  • 

do 
Somerset,  Vt. 
Cumberland,  R.  1. 

do 
Somerset,  Vt, 

Virginia. 

Plainfield. 
Cammington. 
Middlefield,  Soapstone  Gtuarry. 
do 
do 
Zoar. 
do 
do 
Pelham. 
Blanford. 
Shutesbury. 
Middlefield. 
Plainfield. 

do 
Blanford. 
Windsor. 
ttom  Soapstone  Cluarry,  Blanford. 
do  do 


;!. 


870  Compact  noble  serpentine,  (polished,) 

871  do  with  maaaiye  garnet,  [polished,] 
873                    do  with  green  amianthus, 

873  Common  serpentine,  compact, 

874  do  do 

875  do  do  polished, 


Lim  eCUiarry,  Newbury 
do 
do 
Newbury. 

Chester,  west  part. 
Middlefield. 
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876 
877 
878 
879 
880 
881 


884 


Common  Serpentine,  slaty, 

do  wiui  grains  of  chromate  of  iron, 

do 

do  in  place, 

do  a  bowlder, 
Black  compact  serpentine, 
Variegated,  do 

Dark  green  compact  do  a  bowlder, 
Dark^gray  compact  do 


Chester,  west  part. 
Windsor,  N.  K.  pan. 

doN.W.part. 
Blanford. 

do 
Newport,  R.  I. 

LeveretL 
Lime  Ctnarry,  CbelmrfonL 


Dark'green      '       do  with  veins  of  amianthus  and  Deweylite  1  RosselL 
886, 887  Compact  do  with  talcose  glasing,  Zoar.  ^ 

888,  889  Serpentine  with  steatite  and  brown  spar,  do 

890  Black        do  and  talc  or  talc  passing  into  serpentine.  New  Salem. 

891  do  and  do  (polished)  Pelham. 

892  Dark  green  do  with  do  Blanford. 

893  Black  do  with  do  and  actynolitc,  Westfield. 

894  Light  green  compact  do  with  schiller  spar  1  (polished,)  RusselL 

895  Black  compact        do  with  talc,  and  calcareous  spar,  (polished)  Granville. 
896, 897, 898  Serpentine  and  carbonate  of  lime  OpkicaUe  grefme^  Al. 

Brongn.  ( polished,)  Westfield. 


899 
900 
901 
903 
903 
904 
905 
906 
907 
908 
909 
910 
911 
913 
913 


Serpentine  and  carbonate  of  lime. 

Compact  feldspar, 

Compact  Scaix>lite  7  resembling  petalite. 

Mamillary  Chalcedony, 

Yellow  Jasper. 

Chalcedony  7 

Drusy  Gluartz, 

Satin  Spar, 

Tremolite, 

Mussite, 

Massive  Garnet  7 

Act>'nolite, 

do       resembling  asbestns, 
Chromate  of  iron,  massive, 

do       in  serpentine. 

Hornblende  Slate. 


Westfield. 
Lime  Q,narry,  Ncwbary. 
Westfield. 
Blanford. 
Middlefield. 
do 
do 
LimeCLaarry,  Newbury, 
do  do 

Blanford. 
Westfield. 
do 
do 
Blanford. 
do 


with  garnets, 


Lamellar  black  hornblende  (hornblrnde  rock,) 

do 

do 

do 
Finer  do 

Fibrous  Hornblende, 
Somewhat  grahular    do 
Fibrous  Hornblende, 


do 
Compact 

do 

do 
Fibrous 

do 

do 


do 
do 
do 
do 
do 
do 
do 


Hornblende  and  Feldspar, 
do  do 

do  do 

do  do 

do  do 

do  do 


Granville. 
Belchertown. 
Norwich. 
\  Belchertown. 
South  Hadley  Canal. 
Enfield. 
Middlefield. 
Leverett. 
Florida. 
Lincoln. 
Smithfield,  R.  L 
Marlborough. 
Shelbume. 
Banks  of  Merrimack  R. 
Whately. 
Sudbury. 
Bemardston. 
rhomboidal,  (primitive  greenstone,)   Whately. 
(hornblende  slate,)  Ware, 

compact,  (transition  greenstone,^  Smithfield,  R.  I. 
not  slaty,  (primitive  greenstone,)  Gill. 


914 
915 
916 
917 
918 
919 
920 
921 
922 
923 
924 
925 
926 
927 
923 
929 
930* 
931 
932 
933 
934 
936 

936, 937, 938    Hornblende  and  Feldspar,  primitive  greenstone  ] 

somewhat  columnar,  \ 
939, 940    Hornblende  and  Feldspar,  coarsely  granular,  (horn-  ] 

blende  slate.)  J 

941  do       chiefly  hornblende,  (hornblende  slate,)  >fouth  of  Miller's  R. 

942  do       the  feldspar  in  distinct  layers,  do  Dana. 


hornblende  slate, 

do 

do 

do 

do 
(greenstone  slate,) 

do 

do 
(hornblende  slate,) 

do 

do 

(hornblende  slate,) 


Gluartz  and  feldspar,  a  vein  in  prmiitive  p^reenstone, 


do 


►  Whately. 
1  Ware. 
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943 

Hornblende,  Feldspar,  and  Mica,                   Plumbago 

Mine,  Sturbridge. 

944 

do 

porphyritic,  (smoothed,) 

do         (bowlder,)                           So 

Heath. 

945 

do 

uth  Hadley  Canal. 

946 

do 

do              do 

Amherst. 

947 

do 

and  compact  feldspar. 

Whately. 

948 

do 

and  feldspar,  the  latter  compact  and  with  a 

Raston. 

crystalline  form, 

949 

do 

do 

Canton. 

950 

do 

dol 

Plymouth. 
Whately. 

951 

do 

do 

958 

do 

and  Quartz  with  a  yein, 

Becket. 

953 

do 

do         with  a  vein  of  graphic  granite 

1,    Williamsburg. 
ShelbumeFaUs. 

954 

do 

do 

955 

do 

do         with  a  vein  of  qnartz. 

Warwick. 

956 

do 

do         hornblende  fibrous, 

Hawley 

957 

do 

do         and  feldspar,  the  hornblende  fascicular,  Conway. 

958 

do 

Feldspar,  and  Mica, 

Amherst* 

959 

do         with  augite, 

Becket. 

960 

do 

Stow. 

961 

do         passing  into  sienite, 

Dracut. 

962,963 

do         with  granite, 

Leyerett. 

964 

Hornblende  and  Epidute. 

Granville. 

9641-3 

xlo                    m  contact  with  serpentine, 

'  Blanford. 

965 

do                     rhombodial, 

Whately. 

966 

feld^ar  in  hornblende  slate, 
t  and  Chlorite, 

do 

967 

Hornblende 

do 

968 

Actynolite  Slate— actynolite,  quartz,  and  feldspar, 

Shu{esbury. 

969 

do 

Belchertown. 

970 

Hornblende  Slate,  with  a  layer  of  epidote, 
Crystals  of  Hornblende  in  hornblende  slate, 

Pelham. 

971 

do 

Gneiss, 

972 

Granitic  Gneiss, 

Pelham. 

973 

do 

Templcton. 
Brookfield. 

974 

do 

975 

do 

New  Braintree. 

976 

do 

Pelham. 

977 

do 

Paxton. 

978 

do 

Petersham. 

979 

do 

granular, 

Monson. 

980 

do 

Athol. 

981 

do 

Princeton. 

983 

do 

Blanford. 

983 

Sienitic  Gneiss— Gneiss  with  Hornblende, 

Mendon. 

984 

Granitic  Gneiss  t  text  a  re  somewhat  mechanical. 

Bolton. 

985 

do 

Worcester. 

986 

do 

do 

987 

do 

chiefly  flesh  colored  feldspar  and  quartz,   Sudbury. 

988 

do 

slightly  talcose, 

North  Brookfield. 

989 

do 

somewhat  schistos*. 

Rochester. 

990 

do 

do 

Oxford. 

991 

do 

Sudbury. 

y9s6 

do 

(smoothed,) 

Billerica. 

993 

Schistose  Gneiss, 

Dudley. 

994 

do 

Purgatory,  Sutton. 
Wilbraham. 

995 

do 

granular, 

996 

do 

Mouth  of  Miller'2 

s  River,  MonUigue. 

997 

do 

Buckland. 

998 

do 

Shelburne  Falls. 

999 

do 

Amherst. 

1000 

1001 

do 
do 

mica  predominating, 
passing  into  mica  s  ate, 

New  Bedford. 
Worcester. 

1002 

do 

do 

Paxton. 

1003 

do 

do 

Hardwick. 

1004 

do 

Pelham. 

1005 

do 

feldspar  in  tuberculous  masses, 

Worcester. 
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Junction  o(  granitic  gteiss  and  mica  slate, 
Schistose  Qneiss, 

do 

do 

do 


1006 
1007 
1006 

i(m 

1010 
1011 
1012 
1013 
1014 
1015 
1016 
1017 
1018 
1019 
1090 

loai 
i(m 

10-23 

10-24 

1035 

1036 

1037    See  the  No.  following  No.  778. 

1038,1039    Laminar  Gneiss, 


do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 


passing  into  mica  slate,  (bowlder,) 

feldspar  gray, 

chiefly  feldspar, 

passing  into  mica  slate  with  pyrope, 
do 


Worcester. 
WestboroogK 
Colrain. 
Windsor. 
little  Conxion,  R.  i 
MoQson. 
Oxford,  East  part 
Florida. 
Wesiem, 
Shrewsbniy. 


Western  base  of  Wachosett,  Princeioa. 
GraXioo. 


do 
do 
do 


somewhat  porphyritic, 
talcose  7 

dol 

do       with  veins  of  chlorite, 
Gneiss, 


CharltoiL 
Harvmrd. 
Framinghaq. 
LeveretL 
BoltoiL 
Windsor. 
Webster,  west  part 
AmhersL 
Grafton. 


1030 

1031 

1033 

1033 

1034 

1035 

1036 

1037 

1038,1039 

1040 

1041 

1043 

1043 

1044 

1045,1046 

1047 

1048 

1049 

1050 


do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
Porphyritic  Gneiss, 

do 

do 

do 

do 

do 

do 

do 

do 


Pelhanu 
Norfolk,  CoQ. 
feldspar,  hombleode  and  slate  interlaminated^  BbIkM. 


do 

with  a  vein  of  granite, 

becoming  porphyritic, 

feldspar,  flesh  colored, 
with  epidote,  (smoothed,) 
coarse, 
do 

scarcely  porphyritic, ' 


passing  into  schistose, 
1051    Amphibolic  Gneiss,   containing  disseminated 
1063  do  of  hornblende,  J 

1053  do 

1054  do 

1055  Epidotic  Gneiss, 

1056  do 

1057  do 

1058  dp 

1059  do 

1060  dol 

1061  •  do  7  containing  compact  feldspar, 
1063  to  1065    Awgitic  Gneiss,  '^ 
1066, 1067    Anthophyllitic  Gneiss. 
1068    Arenaceous  Gneiss, 
1069,1070       do? 
1071    Talcose  Gneiss, 
1073    Gneiss  with  a  serpentine  granite  vein, 

1073  Plnmbago,  the  common  variety^ 

1074  do       apparently  fibrons, 

1075  do       partially  crystalline, 

1076  Puller's  earth  1    In  the  Plumbago  mine, 
lOp    Hydrate  of  Iron,  (boe  ore)  in  do 
1078  do  do        in  gneiss, 


Warwick 
Savov. 

Windsor. 

DaltflQ. 

Beckec* 

Pelham. 

Douglas. 

Ward. 

P^ham. 

Amhenc 

Pelham. 

New  Braintree. 

Ware. 

Methuen. 

Pazton. 

Montague. 

TollaS. 


Montague. 

XiCvereCL 

Enfield. 

Pelham. 

AmhersL 

Pelham 

Amherst. 

Grafton.. 

Amherst 

Duxbury. 

do 
Lee. 
Enfield. 
Southbridge. 
Smithfield,  R.  I. 

do 
Enfield. 
Sturbridge. 

do 

do 

do 

do 
North  Brookfieli 
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1079  Garnet  and  Sulphuret  of  Molybdenum  in  Gneiss, 

1  ()80     Native  Alum  and  Sulphate  of  Iron  on  gneiss, 

1081  do  do 

\0&2  P5Trope  Garnet  in  gneiss, 

l(W3  do  with  adularia, 

l*^'^  do  in  gneiss  passing  into  mica 

1085  Crysialized  feldspar  in  gneiss, 

lOdG  Qreen  Adularia,  with  mica  fpolii^hed) 

1087,1068    Adularia, 

1089,  1090    Schorl  in  quartz  from  gneiss, 

109 1  Crystalized  Sphene  in  augitic  gneiss, 

1092  Crystali«ed  augite  and  scapoUte  1    ^ 
1093,  1094    Sulphuret  of  Iron, 

1095  Peliom?  and  pyrites, 

1096  Magnetic  Oxide  of  Iron  in  gneiss, 

1097,  1098,  1099    Crystalized  and  Drusy  auartz, 

1 100  Radiated  auartz, 

1101  Amethystine  jdo 

1 102  Bluish  Mamillary  Chalcedony  in  gneiss, 

1 103  Breccia  Agate,  (polished.) 

1 104  Gray  Copper,  perhaps  from  gneiss, 

1 105  Aotynoliie  in  feldspar, 


North  Brookaeld. 
Leominster. 
Barre. 

New  Braintree. 
Brimfield. 
slate,  Norwich,  Con. 
Boxborough. 
Southbridgc. 
Brimfield. 
Pelham. 
Lee. 
do 
Hubbardston. 

do 
Grafton. 
Pelham. 
do 
do 
do 
Rochester. 
Brimfield  1 
Chelmsford. 


1106 
1107 
1108 
U09 
lUO 

nil 

111-2 
1113 
1114 
1115 
1116 
1117 
1118 
1119 
11^20 

1121 
11*22 
1123 
1124 
1125 
1126 
1127 

11*28 
1129 
1130 
1131 
1132 
ri33 
1134 
1135 
1136 
1137 
1138 
II39 
1140 
1141 
1142 


VN6TRATIFIED    ROCKS. 

Grtenstone., 

Comhion  Greenstone,  hornblende  and  feldspar, 
do  do 

do  do 

do  do 

do  do 

do  (Primary  greenstone,)  do 
do  do      epidotir, 

do  approaching  to  sienite  do 
do  do 

do  approaching  to  sienite  do 


do  do 

See  the  No.  following  1905. 
Common  Greenstone,  epidotic, 

do 

do 


do 


Sunderland. 

Deerfield. 

Ml.  Holyoke. 

Turner's  Falls 

Mt.  Tom. 

Pelham. 

Chelsea. 

Newburyporl. 

Lexington. 

HoUiston. 

Concord. 


do 
do 

do  from  a  vein  in  ar 
gilaceous  slate 
Coarse  Greenstone  j:>assin^  into  .sienite,  hornblende  and 
Greenstone  passing  into  sienite,  coarse,  (a  bowlder) 

do  do 

do  do 

do  do 

do  do 

do  the  feldspar  in  bronze  colored  folia  of  con-  > 
siderable  size,  ) 

do  do 

do  the  ingredients  distinguished  with  dilliculty, 

do  do 

do  passing  into  sienite, 

do 

do  from  a  vein  in  gneiss, 

do 

do  from  a  vein  in  gneiss, 
Columnar  Greenstone,  4  .sided  prism, 

do  5  sided  prism, 

do  3  sided  prism. 

Curved  exfoliation  from  a  column. 
Compact  Greenstone,  the  ingredients  indistinct, 

do    a  bowlder, 

83 


Waltham. 
Nahant, 

J  Charlestown. 

feldspar,  do 
West  Springfield. 
HoUiston. 
Dover. 
Stoughton. 
Easton.  ^ 

West  Springfield. 

Mt.  Holyoke. 

Hingham. 

Newton. 

Blue  HilLs. 

CLuincy. 

Rutland. 

Nahant. 

Montague. 

Mt.  Holyoke. 

do 

do 

do 
Nahant. 
Blue  Hills. 
Pramingham. 
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1 143  Compact  greenstone,  from  a  rein  in  gnmite, 

1144  Chiefly  sjecnlsh  compact  feldspar  1 

1145  ^ 
1146, 1147,  do 

1148, 1149,  1150    Indurated  Clay,      Titan's  Pier, 

1151  Common  Greenstone  with  reddish  carbonate  of  lirae, 

1152  to  1155  Hornblende,  Augitel  and  Feldspar, 
1156    Porpbyritic  Greenstone,  (smoothed) 

do 

do  (smoothed^ 

do  imbedded  crystals  Kariothin,  (smoothed) 
do  reddish, 
do  base  reddish, 
Greenstone  porphyrliic  and  epidotic,  with  iron  pyrites, 
do  do  base  wacke-iike, 

do  do  do 

Slaty  Greenstone,  micaceous, 
Amygdaloidal  Greenstone,  nodnles  calcareous, 
do  nodules  siliceous, 

do  nodules  calcareous, 

do  do 

do  cavities  empty,  loadstone, 

do  do  do 

do  nodnles  siliceous, 
do  nodnles  foliated  chlorite, 
do  nodules  earthy  chlorite, 
do  nodules  calcareous, 
Concretion  from  Greenstone. 

do 
Trap  Tufa,  or  tufaceous  greenstone, 


1157 
1158 
1159 
1160 
1161 
1162 
1163 
1164 
1165 
1166 
1167 
1168 
1169 
1170 
1171 
1172 
1173 
1174 
1175 
1176 
1177 
117H 
1179 
1180 
1181 
118)S 
11K3 
II84 
1185 
1186 
1187 
1188, 
1190 

ii9r 


do 
do 
do 
do 
do 
do 


micaceous, 

cement  calcareous  spar. 


__  base  reddish, 

Junction  of  Amygdaloid  and  sandstone. 
Trap  Tufa, 

Nodules  of  Prehnile  in  greenstone, 
1189    Chalcedony  in-      do 
do  do 

,  ,^„   J^HS^  Agate,of  chalcedony,  camelian  and  quartz. 
1193,1193    Amethyst  in  greenstone, 

1194  Black  Augiie,  do 

1 195  Prehnite,  Augite  and  Calcareous  Spar, 

1 196  Pseudomorphous  Uuartz,  with  prehnite. 

1197  Calcareous  Spar,  prehnite,  &c 
1198,  1199    Chlorophoeite  in  trap, 

1200  Lincolnite  and  chabasie  in  greenstone, 

1201  do  do 

1202  do  and  chaba«?ie  do 
1203, 1204 do  covering  the  surfac^ 

J??^    5:^^? *f?^  "J'S^'^I*  P«r*^aps  Lincolnite,  on  greenstone, 
iiii    Cryslahzed  Smoky  quartz,  from  Greenstone 
1206  and  1207    Compact  feldspir, 

do  with  talc? 

do  with  dendritic  impressions, 

do  with  quartz, 

do  somewhat  foliated,  a  vein  in  sienite, 

do  somewhat  brecciated, 

do  do 

do  a  vein  in  black  serpentine, 

do 

do  slightly  porpbyritic, 

do 


1208 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 


Fozborough. 
Salisbury. 
Rowley. 
Dedham. 
South  Hadler 
Deerfield. 
Nahant. 
Cape  Ann. 
Easton. 
Salem. 
Ipswich. 
Turner's  Falls. 
Deerfield. 
Topsfield. 
Turner's  Falls. 
Deerfield. 
Reading. 
Deerfield. 
S.Hadley  Canal. 
Deerfield. 
Turner's  Falls. 
GilL 

Mount  Holyoke. 
Titan's  Pier. 
Turner's  Palls. 
West  Springfield. 
Rowley. 
Deerfield. 
Mount  Holyoke. 
S.Hadley  Cfanal. 
Deerfield. 
Titan's  Pier. 
Deerfield. 
Northampton. 
Mount  Tom. 
Deerfield. 
Turner's  FalLs. 
West  Springfield. 
Greenfield. 
Deerfield. 
Greenfield. 
Deerfield. 

do 

do 

do 

do 

do 
Turners  Falls, 
tl^erfield. 

do 

do 

do 
Deerfield. 
West  Springfield, 
Newbury. 
Sharon. 
Medford. 
Natick. 
Whately. 
Dorchester. 
Blue  Hills. 
Newbury. 
Nahant. ' 
Hingham. 
Lynn. 
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1218 
1219 
1220 
1221 
1222 
1223 
1224 
1225 
12^6 
1227 
122d 

1-229 
1231 


1233 
1234 
1235 

1236 
1237 
1238 
1239 
1240 
1241 
1242 
1243 
1244 
1245 
1246 
1247 
1248 
1249 
1250 
1251 
1252 
1253 
1254 
125^ 
1256 
1257 
1258 
1259 
1260 
1261 
1262 
1263 
1264 
1265 
1*266 
1267 
1268 
1269 
1270 


Compact  feldspar,  somewhat  foliated,  Natick. 

do  lime  quarry,  Sioneham. 
do  variegated,  MeOford. 
do  passing  into  siliceous  slate,  Maiden. 
do      do  with  a  minute  quantity  of  gold  1     Blue  Hills, 
do  red,  passing  into  porphyry,  do 
do    do  Hingham. 
do    do  Milton, 
do    do  Rowley- 
do    do  Ipswich, 
do    do  exhibiting  traces  of  a  slaty  slruc-  >    Tvr««,i«,«„ 
ture,  Kent's  Island,  \   Newbury, 
and  1230        do  variegated,  somewhat  foliated,  Dedham. 
Porphyry  approaching  Sienite  (polished)  Maiden . 
do    with  traces  of  a  slaty  structure,  Nantasket  Beach, 
do    base  purple,           (polished)  bowlder,  Orleans, 
do    base  black,                  do  Nantasket  Beach, 
do    approaching  to  amygdaloid,  Westborough. 
Between  greenstone  and  porphyry,  Ipswich, 
do    porphyry  and  compact  feldspar,  Milton. 
Porphyry,  Blue  Hills. 
Porphyry  dark  eray,    (polished)  Blue  Hills, 
do                  do              (do)  North  of  Boston, 
do        containing  quartz  nodules  (polished,)  Milton, 
do       light  gray       do  do 
do       reddisn,  Nantasket  Beach, 
dol      perhaps  Varioloid  Wacke,  Newton, 
containing  quartz  and  feldspar  crystals,  Milton, 
red  and  green,  (smoothed)  Maiden. 


do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 


red  with  quartz  and  feldspar  crystals,  a  bowlder,  Newport,  R.  1, 


Maiden. 

Lynn. 

Nantasket  Beach. 

Blue  Hills. 

North  of  Boston. 

Nantasket  Beach. 

Maiden. 

Milton. 

Necdham. 

Maiden. 
reddisH  brown,  crystals  of  feldspar  and  quartz,  polished,  B.  Hills, 
green,  passing  into  sienite,    (smoothed)        Maiden, 
base  dark  green,  cr3''stals  feldspar  and  quartz  (do)  Blue  Hills, 
variegated,  feldspar  and  quartz  crystals       do  do 

base  reddish,  imbedded  crystals  chiefly  quartz       do    Cluincy. 


red, 

do 

red  base, 

do 
base  red 

do 
greenish, 
lively  green, 

passing  into  sienite, 


(polished) 
do 
do 
do 
do 


do 


Brecciated  Porphyry,  reddish^  f polished^ 
do  (smothed) 

do  passing  into  graywacke,    do 

do  *  (polished) 

do  do 

do  greenish, 

do  betraying  a  former  slaty  structure, 


do  do    Milton. 

Halfway  Rock,  Atlan.  Ocean. 
Lynn. 
Maiden. 

do 
Nanu-Ujket  Beach. 
Maiden. 
Nantasket  Beach. 


Sienile. 


1271  Feldspar  and  Hornblende,  (smoothed)  Newbury. 

1272  do  passing  into  porphyrv,  do  Nahant. 

1273  do  'do  Stoneham. 

1274  do  brecciated,  do  Foxburough. 

1275  do  Concord. 

1276  do  (smoothed)  -Dover. 

1277  do  do  Reading. 

1278  do  do  Nahant. 

1279  do  Norfolk  County. 

1280  do  Rowlpy. 
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1261  Feldbpar  aad  Hornblende,  Hansman's  Island,  Boston  Harbor 

1282  do    hornblende  in  distinct  crystals,    (smoothed)  Dedham. 

1283  do                                            '                    do  Randolph. 

1284  do  Reading. 

1285  do  Cumberland,  ILL 

1286  do        epidotic,  Dedham. 

1287  Feldspar,  quartz  and  Hornblende,  Salisbury. 

1288  do  Manchester. 

1289  do       Clnincv  Granite,  Uuincy. 

1290  do                  '   do      (smoothed)  Gtnincy. 
1291^                              do                      (bowlder)  Mansfield. 

1292  do  Franklin. 

1293  do                     (smoothed)  Dan  vers. 

1294,  1295                       do                             do  Squam,Gloocestcr. 

1296,  1297                      do                            do  Sandy  Bay,  do 

1298  do                            do  Squam,         do 

1299  do                           do  North  Bridgwater. 

1300  (2tuartz  and  Feldspar,                           do  Manchester. 

1301  do                                             do  Foxborougb. 

1302  do                                               do  Easton. 

1303  do    feldspar  mostly  compact,  do  West  Cambridge. 

1304  Co                                             do  Hingham. 

1305  do                                               do    '  Sherburne. 

1306  do    feldspar  blood  red,  do      a  bowlder,  Marshfield. 

1307  do  and  perhaps  hornblende,      do  Scituate. 

1308  do                                              do  Weston. 

1309  do  Middleborough. 

1310  do  Weston. 

1311  do  Foxborougb. 

1312  do  Danvers 

1313  Feldspar  and  quartz,  the  former  compact,  Newbury. 

1314  do  and  chlorite,  the  feldspar  red  and  greenish,  Saugos. 

1315  do  the  feldspar  compact,  close  to  the  jasper,    do 

1316  Passing  into  porphyry,  Newbury. 

1317  do                     '  Manchester. 

1318  do  Maiden, 

1319  Feldspar,  Hornblende,  (Quartz  and  Mica,  Belchertown. 

1320  do        (smoothed)  do 

1321  do                 do  Northampton. 

1322  do  Williamsburgh. 

1323  do  Whately. 

1324  do  the  hornblende  predominating:  Nortnampton. 

1325  do  with  veins  of  epidote,  Whately. 

1326  do  do 

1327  do  chiefly  feldspar,  do 

1328  do  Gloucester. 

1329  Chiefly  feldspar  and  talc  or  chlorite,  with  veins  of  epidote,  Salisbury. 

1330  Feldspar,  hornblende  7  and  mica,  (smoothed)  Medford. 

1331  do  coarse,  a  bowlder,  Charlestown. 

1332  Feldspar,  quartz,  mica,  and  perhaps  hornblende,  Fall  River,  Troy. 

1333  Chiefly  feldspar  and  mica,  Bradford. 

1334  do  with  a  little  q^uartz  and  hornblende,  Lincoln. 

1335  Feldspar,  hornblende  and  mica,  Salem. 

1336  Feldspar,  hornblende,  and  talc,  Newbur}\ 

1337  Feldspar,  quartz,  and  mica,  or  talc,    •  Franklin. 

1338, 1339, 1340  Granite,  sienile  and  greenstone  from  the  same  ledge,  Sloughton. 

1341  Porphvritic  sienite,    (smoothed)  Lexineton. 

1342  do  feldspar  and  quartz  with  epidote  (smoothed)  •  Marblehead. 

1343  do  feldspar  bronze  colored,    do  Gloucester. 

1344  do  base  green  compact  feldspar;  crystals  flesh  red 

foliated  feldspar ;  also  quartz  and  hornblende,  West  Bridgewater. 

1345, 1346  do  like  the  last.  Abington. 

1347  do  Plymouth  County. 

1348  do  feldspar,  quartz,  mica,  and  hornblende,  Essex. 

1349  Porphyritic  feienite  pasMng  to  porphyritic  greenstone, 

tV  cr>'stals  nearly  compact.  Waliham. 
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Whatelv. 

do  ' 

do 

do 
West  Brido^ewater. 
Belcherlown. 
Soutbborough. 
Northampton  ? 
Nahant. 
Marblehead. 
Abington. 
Whaiely. 
Belchertown. 
Amherst. 
Hatfield. 

Cumberland,  R.  I. 
Whaiely. 

do 
Newbury. 
Hatfield. 


1350  Conglomerated  Sienile,  \ 

1351  do 

1352  do 

1353  do 

1354  Junction  of  two  varieticij  of  sienile, 

1355  Vein  of  graphic  granite  in  sienite, 

1356  Vein  of  nearly  compact  feldspar  in  sienile, 

1357  Irregular  vein  of  granite  in  sienite, 

1358  Vein  of  compact  greenstone  in  sienite, 

1359  Veins  of  feldspar  in  sienite, 
13G0  Vein  of  compact  epidote  in  sienite, 

1361  Vein  of  red  feldspar  in  sienile, 

1362  Augite,  hornblende  and  feldspar, 

1363  Augite  and  feldspar;  the  latter  almost  compact, 

1364  Sulphate  of  banrta, 

1365  Punple  fluate  of  Lime  in  sienite, 
1366, 1367,  1368  Drosy  crystalized  Gtuarlz, 

1369  '    do    with  sinp^ular  cavities, 

1370  Arsenical  Iron  in  quartz  from  sienite, 

1371  Galena  and  Blende  in  sulphate  of  bar}^a, 

Granite. 

1372  Feldspar,  Cluartz  and  mica,  common  granite,  coarse,  Russell. 
'     ~  •  *  Jq        Westhampton. 

do  S.  Hampton  Adit. 

do  Leveret  I. 

do  Amherst. 

do  Granville. 

do  Amherst. 

„_ ^     J  do  Westford. 

1381 '  Feldspar,  Cluartz  ana  Mica,  chieflv  quartz  and  mica,  Amherst. 

1382  do  '  do  Moulh  of  Miller's 

[River 

1383  do  do  Framingham. 

1384  do  feldspar  flesh  colored,  do  B  Jan  ford. 

1385  Feldspar,  Cluartz  and  Mica,  common  Granite,  coarse,  feldspar  red, 

[Granville. 

do  do  do  '       ' 

do  do  do 

do  do  do 

do  quartz  yellow     do  do 

do  mica  yellow,       do  do 

do  do  do 

do  in  bowlders        do  easily  decomposing,   Florida 

do    do  quartz  dark  gray,  inclining  to  purple,  Adams. 

do    do  feldspar  greenish  and  quartz  purplish,  Florida. 


1373 

do                            do 

1374 

do                             do 

1375 

do                              do 

1376,  1377 

do                              do 

1378 

do                             do 

1379 

do  quartz  blue,        do 

1380 

do  chiefly  quartz  and  1 

1386 
1387 
1388 
1389 
1390 
1391 
1392 
1393 
1394 
1395 
1396 
1397 
1398 
1399 
1400 
1401 
1402 
1403 
1404 
1405 
1406 
1407 
1406 


do    Amherst. 

do    New  Salem. 

do    Concord. 
Williamsburgh. 
Chesterfield. 
Norwich. 


do  mica  green,  coarse, 

do  quartz  smoke  gray,  do 

do  feldspar  bluish,  do 

do  feldspar  blue,  do 

do  feldspar  nearly  compact,  do 

do  do  do 

do  (gneiss  7)  do 

do  of  a  mecnanical  aspect,  do 

do  ingredients  dark  gray,  do 

do  (gneiss  ?)  do 

do  do 

do  passing  into  sienite,  rather  fine, 

do  junction  of  coarse  and  fme  graifted, 

do  (gneiss  ?) 
1409  Cluartz  and  mica,  coarse, 
1410, 141 1»  1412  Cluartz,  mica  and  feldspar,  red  granite,  fme  grained,  bowlder, 

[Sonth  Hadley. 

1413  do  feld.spar  red,  (smoothed)  Falmouth. 

1414  do        do  do  Rochester. 


Cummington, 
Leverett. 

do 

do 
Heath. 
Amherst 
AshbumhaoL 
Granville. 
Fall  River. 
Leominster. 
Smithfield,  R.  I. 
Bristol,  R.  L 
Williamsburgh. 
Top  of  Wachusett  Ml. 
Westfield. 
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1 115  Gtuarlz,  mica  ami  feldspar,  feldspar  red,  (smoothed)      Warekam. 
1416  do  reddish  grar.  do  Framingham. 

1417, 1418  do  mica  black,  finegrained,  Comberland,  R.  I.  X£.pari 

1419  do  perhaps  sienite,  do  (smoothed)  Medfield. 


1490  do  rather  fine  grained,  * 

1421  Feldspar,  GUartz  and  mica,  or  Talc,     do 

1422  do  do 


Carver. 

Weston. 

Eastern  part  of  the 

[State. 
Adam^ 
Belchertown. 
Westfieid. 
Ashbaroham. 
Acton. 
Whatcly. 
Conway, 
Holliston. 
Dedham. 
Chester. 


1423  Feldspar,  Gtnartz  and  Mica,  bowlder,  fine  grained, 
1 124  do  feldspa r  pu rplish, 

1425  do  evidently  recomposed,  from  a  vein, 

1426  Feldspar,  Cluartz  and  liiica,  fine  grained,  quarried, 

1427  do  with  small  garnets, 

1428  do       fine  grained, 

1429  do  do 

1430  do  do 

1431  do  chiefly  quartz  and  feldspar, 

1432  do  do 

1433  do  feldspar  mostly  foliated,  gray,  but  some  of  it  compact 

and  greenish,  quartz  eray,  approaching  to  granular, 

mica  black,  (smoothed)  Pilgrim  Rock,  Plymouth. 

1434  do  similar  to  the  lost,  do 
1436  Feldspar,  Gluartz  and  Mica,  fine  grained,                     Acton. 

1436  do  chiefly  quartz^  Sudbury. 

1437  do  passing  into  porphyry,  Halifax. 

1438  Feldspar,  Cluartz,  and  Talc  7  Duxbury. 

1439  Feldspar  and  quartz,  perhaps  sienite,  Newbur}'. 

1440  Feldspar,  Cluartz  and  Mica,  approaching  to  sienite, 

apparently  stratified,  Worcester. 

1441  do  passing  into  mica  slate,  Norwich. 

1442  do  do  Colrain. 

1443  do  mica  black,  resembling  sienite,  (smoothed)  Dover. 

1444  do  finegrained,  Southampton  Adit. 
1446                     do  quarried,        do                                      Tyogsboroagh. 

1446  do  do  Norwich, 

1447  do  wrought,       do  Dover. 

1448  do  mica  nearly  wanting,  very  fine  grained,  ouarried, 

(smoothed)        Dover. 

1449  do        fine  grained,  bowlder,  Amherst 

1450  do       quarried,  (smoothed)  Concord. 
1461                     do        reldspar  reddish,  mica  scarcely  present,  (smoothed) 
1452                     do       very  hue  grained,  decomposing  at. the  [Waltham. 

surface,  (smoothed)  Sharon, 

do  quarried,  (smoothed)  (Chelmsford  granite)       Wesiford. 


1453 
1454 
1455 
1456 
1467 
1458 


do 
do 
do 
do 
do 


do 
do 
do 
do 
do 


do 
do 
do 
do 
do 


porphyritic, 


1459  Feldspar,  Cluartz  and  Talc, 

1460  Feldspar,  Cluartz  and  mica,  resembling  sienite, 

1461  Feldspar,  Cluartz,  Mica  and  Talc,  coarse,  bowlder, 

1462  Pseudomorphous  Granite, 

1463  Porphvritic  Granite, 

1464  do       bowlder, 

1466  do    very  coarse.  

1466  do    fine  grained,  feldspar  nearly  compact,  bowlder,  (smoothed) 

[Turner's  Falls. 


FitzwiiUam,  N.  H. 

Pelham,  N.  H. 

Fitchburg. 

Ashb^. 

Wilhamsburgh. 

Dedham. 

Cumberland,  R.  1. 

Amherst. 

WilUamsburgh. 

Chester. 

Shutesbury. 

Harvard. 


1467  1468 
1469  1470 
1471  1472 
1473 
1474 
1475 
1476 
1477  1478 


do  feldspar  chiefly  compact,  in  argillaceous  slate,  Guilford,  Vt. 
Chiefl3r  compact  feldspar  and  quanz,    do 


Graphic  Granite, 
do 

do  from  a  vein  in  quartz  rock, 
do 

do  reddish,  bowlder, 
do  flesh  red,  from  red  .sandstone. 


do 
Williamsburgh. 
Leominster.  , 
Washington. 
Goshen. 
Amherst. 
Deerfield. 
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Warwick. 

Goshen. 

Conway. 

do 
Williamsbiirgh. 
Leominster. 
Conway. 
Deerfield. 
Leverelt. 
Southampton. 
Westhampton. 
do 


1479  Graphic  Granite. 

1480  do  with  garnets,  *- 
1461    Junction  of  Granite  and  Mica  slate, 

1482  Vein  of  Granite  in  Mica  Slate, 

1483  do  do 

1484  do  in  the  Worcester  County  Mica  slate, 
I486.   Granite  at  its  junction  with  micaceous  limestone. 
1486    Granite  with  a  nodule  of  mica  slate,  bowlder, 
J487  1488    Laminated  and  Tabular  Sulphate  of  baryta, 

1489  Crystalized  calcareous  spar,  Lead  Mine, 

1490  Argentine, 

1491  do  showing  its  junction  with  granite, 

1492  do  Lead  Mine,  Southampton 
*1S  W94  1495  1496  Crystalized  Uuartz  of  various  color-?,  do  do 

1497  Radiated  crystalized  quartz,  do 

1498  Purple  Uaartz  in  granite, 

1499  Crystalized  smoky  Gluariz, 

1500  Massive  do 

1501  Pseudemorphus  auai^tz,  form  of  hogtoolh  .spar, 
15^  do  form  of  fluate  of  Lime, 
1603  Hornstone,  Lead  Mine, 
1504,  1505  Gray  and  greenish  Spodumene, 

J^2S  ^^  ^^S^^  ^^^  color, 

*507  do  green  and  translucent, 

*508  do  white  and  pearly, 

1509  Straw  colored  Mica,  Tourmaline  locality, 

1510  do  in  distinct  crystals, 

1511  Rose  colored  Mica,  do 

1512  Prismatic  Mic«, 

1513  Variegated  prismatic  mica, 

1514  Black  mica, 
1516  Plumose  Mica, 

1547  Schorl  with  terminations,  in  granite, 
1516, 1517  Indicolite, 

1518  do  light  blue, 

1519  do  orgreen  tourmalme, 

1520  Yellowish  Green  Tourmaline, 

1521  Indicolite  embraced  in  green  tourmaline, 

1522  Green,  red,  and  blue  tourmaline, 

1523  Green  tourmaline  in  quartz, 
1624  do        enclosing  rubellite, 
1525  Limpid  Beryl  in  granite, 


1526 
1527 
1528 
1529 
1530 
1531 
1532 
1533 
1534 
1535 
1536 
1537 
.  1538 
1539 
1540 
1541 
1542 
1543 
1544 
1646 
1546 
1547 


do  rase  red. 
Massive  Beryl  with  Spodumene, 
do 


Florida. 
Gk>shen. 

Williamsbnrgh. 
Westhampton. 

do 
Southampton. 
Goshen, 
do 
dQ 
Sterling. 
Chesterfield, 
Goshen. 

do 
Russell, 
do 
do 
Wiiliamsburgh. 
Chelmsford. 
Goshen, 
do 
do 
do 
Chesterfield, 
do 
do 
do 
Goshen, 
do 
do 
do 


Radiated  mineral  on  granite,  of  the  Zeolite  family :  probably  stilbile,  do 


Cleavlandite,  foliated, 
do 


Fibrous  Talc  ? 

dol 
Common  feldspar 
Blue  du 

Greenish        do 
Siliceous        do 

do 
Foliated  siliceous  Feldspar, 
Siliceous  Feldspar,  coarsely  granular, 

do  finely  granular. 
Galena  in  Cluartz. 
do  with  Blende, 
do  with  Carbonate  of  Lead, 
Blende  in  auartz, 
Pvritous  Copper  in  auartz, 
Blende,  Galena,  and  Pyritous  Copper, 
Blende  decomposing  in  quartz, 
See  the  No.  following  No  1515. 


Norwich. 

Blanford. 
Wiiliamsburgh. 
Leverett 
Goshen. 
Chesterfield. 
New  Salem. 
Goshen. 
Chesterfield. 
Gk)shen. 
Southampton. 
Whately. 
Southampton. 
Northampton. 
Southampton. 

do 
Willianxsburgh. 


1548  See  the  No.  following  No.  803. 

1549  See  the  No.  following  No.  774. 

1550  See  the  No.  preceding  No.  775. 
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e  Hoosic  Mountain ,  Range  of       •           •  383 
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amphibolic,  epidotic,angitie,anthophylli  tic,         -  380 
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its  topography,       -          -           -           •           -  381 

dip,  direction,  Ac.  of  its  strata,          -          -  386 

curvatures  in  its  laminc,          ....  387 

its  mineral  contents,          .          .          ,.          .  399 

its  theory,           •          -           -           *          -           -  394 
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in  Brazil, 356 
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Ormnite,  its  uae  in  architecture,  •  -  -  •       95 

how  split, 95 

its  price  when  wrought,       >  -  -  >  98 

defined, 456 

its  mineralo^ical  characters,         -  -  -  456 

pseudo-morpkoos  and  porph  jritic,  456 

common,  •  456 

graphic,  ------  457 

Its  topoj^raphy,  -  -  .  .  458 

its  pseudo-stratification,       ....  469 

its  veins  and  protruding  masses,  4G9 

sketches  of  its  reins,  dM:.,in  Conway  and  Blanford,  464 

in  Westminster  and  Norwich,  465 

in  Norwich,  466 

in       do  467 

in  Russell  and  Conway,  468 

in  Ackworth,  N.  H.  469 

in  Chester,  470 
in  Chesterfield  and  Willianiiihnrg,471 

in  Granvilie  and  Chesterfield,  479 

in  Ct.  Shutesbnry  and  Conway,  473 

in  Chester  and  Williamsbui]?,  474 
in  Whately,  Newport  dt  G.  Uead,  4*^ 
in  Westbampton  A  Southampton,  476 
in  New  Bedford  and  Shutesbory,  477 

in  New  Bedford  and  FairhaTen,  478 

do  do  479 

in  Williamsbnrz  and  Tolland,  480 

.     in  Whately,  -  481 

in  Conway,       -  483 

in        do    -  -  483 

in       do  -  -  484 

in        do  and  Goshen,  -  485 

in        do  do       -  486 

in  Colrain  and  Norwich,  487 

its  mineral  contents,  ....  488 

its  theory,  .....  495 

Ckaphic  dhite,  ......         46 

Graphite,  -       .    -  391,390,57,344,377 

Gray  Copper,  -.-...  399 

Graylock,  (Waddle  Mountain)  •  •  -  -  85 

Graywacke,  its  agricultural  character,  -  •  -        91 

its  economical  uses,  -  -        •  -  -      44 

defined, 259 

its  peculiaritiess  in  Massachusetts,    -  953 

its  mineralogical  characters,    -  -  -  954 

conglomerated,         ....  354 

brecciated,  .....  257 

quartzose,  ....  959 

talcose,        .-..-.  960 

classical,  .....  960 

slaty, 960 

amphibolic,        ....  -  961  . 

limestone,  ,  .  .  .  .  9^9 

its  topography,  .  .  -  .  269 

dip,  direction,  &c.,  of  its  strata,  -  -  279 

section,  in  at  Newport,         ....  975 

its  mineral  contents.  -  -  -  276 

its  organic  remains^,        ....  2^ 

its  theory,        -  .  -  -  .  285 

Greene,  Thomas  A.  Es^.,  his  Catalogue  of  Shells,  •  538 

Green  River,  a  change  in  its  bed,       •  -  -       *  -  144 

Green  Sand,  .  .  .  190 

Greenstone,  its  agricultaral  character,  -  93 

its  uses  in  architecture,        -  -  •  -31 

porphyritic,  used  for  ornament,  -  .  32 
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columnar,  .  -  -  .  .         399 

porpbyritic,        -  -  -  -  _  403 

amygdaloidal^  ....  404 

itsmixture  with  granite.  -  -  -  406 

concreted  and  tntaccoas,  -  -  405 

its  topography,        -  -  -  -  -     405 

its  position  with  respect  to  other  rocks,  -  411 

its  veins  or  dykes,  ....        413 

its  chemical  effects  upon  other  rocks,        -  -     431 

its  mineral  contents,        ....        435 
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in  new  red  sandstone,  when  protruded,  S45 
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Harris,  Dr.  T.  W.,  assistance  from,       ...  596 

his  catalogue  of  Insects,  >  -  5Q3 
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Height  of  Hills  around  Boston,  -  -        95 

Hentz,  Professor,  his  Catalogue  of  Spiders,       -  -  550 

Hematite,  iron  ore,  -  -  65, 184 

Heulandite, .439,344 

Holland,  Dr,  H.,  his  account  of  chroma te  of  iron,  •  306 

Holyoke,  mount,       ......  gg 

Hopper,  ------        85 

Hornblende  crystalized,  fibrons  and  radiated,  309,  360 

Hornblende  Slate,  its  amcultural  character,  -  93 
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Dr.  Maccalloch's  view  of,  -  370 

its  mineralogical  characters,  -  -      371' 

porpbyritic,  -  -  -  -         371 

Its  topography,  .573 

dip  and  direction  of  its  strata,  376 

its  mineral  contents,  376 

its  theory,  377 

Rock,  .371 

Hornstone,  .344,342,489 

Hubbardaton.  copperas  manufactured  in,  .63 

Huttonian  Theory,  ...  .500 

Hydrate  of  Iron,  .390, 193,  184,  996 

Hydrate  of  Alumina.  .185 

Hypersthene,        .....  451 
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Ichthyolites  in  new  red  sandstone,  938 

Ice,  how  it  removes  bowlders.  .131 

floods,  their  e:icavating  power,  I45 

Idocrase  in  Worcester.  .  .  844 

Indicolite,  ...  .  .        491 

Inscription  on  Gluartz  rock.  .128 

Insects,  Catalogue  of  in  Massachusetts,  553 

lolite,  ,  :  .493 

Iron,  native,  ■  -  .  .  345 

carbonate  of,  351,346,61,345,232 

hydrate  of,  65,184,390 

brown  oxide  oi;  •  :  .  .  66 

argillaceous  oxide  of,  .  66 

specular  oxide  of,  .   440,494 

micaceous  oxide  of,  426,64,346,356 

sulphate  of,        -----  -         346 

red  Oxide  of, 346,341 

▼itreous,  black  oxide  of,  ....  493 

sand,  -..-..  333 

ore,  its  agricultural  character,  -  -  -  21 
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L^pidolite,  ......  490 

Lignite,  ......  53^191 

Limestone,  its  agricultural  ehancter,  9d 
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micaceous,  its  analysis,  .  36,305 

fetid,       -    ^     .  .  -  308,37,301,218 

fibrous,  .  -  -  283,333,313 

.    encrinal  of  Bernardston,  38, 295 
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Lincolnite, 

Lithia  in  Bolton  and  Gk>shen, 

Ludos  Helmontii  in  shale, 

Lycopodites,  fossil, 

Lyell  Charles,  his  theory  of  the  earth, 

M. 
Macculloch's  Views  c^  Geology, 
System  of  Gkology, 
On  Central  Heat, 
Macle, 

Magnetic  Oxide  of,  iron, 
Magnesite, 

Maldem,  vein  of  iron  ore  in, 
Mamillary  argillaceous  iron  ore, 
Mammalia,  Catalogue  of,  in  Mass. 
Manganese,  Oxide  of 

phosphate  of, 
Disilicate  of, 
in  Plainfield, 
in  Cummington, 
in  Conway, 
in  Hinsdale,  N.  H. 
in  Winchester,  N.  H. 
earthy  oxide  of,  how  produced, 
oxide  of,  in  mica  slate, 
Map  Geological  of  Mass.  how  constructed, 
farther  explained, 
Marble  of  Berkshire,' 
Marl,  .... 

how  produced, 
Marlborough,  Vc.  Steatite  in 
Market  House,  Boston,  its  granite, 
Martha's  Vineyard,  iron  ore  in, 
scenery  of, 
Mather  Cotton  on  fossil  bones, 
Maoshop,  an  Indian  CKant, 
Meridional  System  of  Strata,  the  Oldest, 
the  Latest, 
Mesotype 

Metals  and  their  Ores  in  Massachusetts, 
Metallic  Veins  and  beds,  their  origin, 
Miasite,        .... 
Mica  Slate,  its  agricultural  character, 
its  economical  uses, 
its  mineralogicai  characters, 
staorotidiferous,  amphibolic, 

spangled, 
argillo-micaceous  and  arenaceous, 
anthraeitous,  plumbaginous,  and  conglomerated, 
indurated,  .... 

its  topography,  .  .      *        . 

of  Worcester  Valley, 
dip,  direction,  &c,  of  its  strata, 
contortions  in,  .  .  . 

veins  of  segregation  in, 
its  mineral  contents, 

itstheor3r,  .... 

Mica,  crystalized,  prismatic  and  plumose, 
Micaceous  Oxide  of  Iron, 
Middlefield,  Steatite  in 
Millstones  may  be  made  from  greenstone, 
Minerals  in  Massachusetts,  Catalogue  of 
Mineral  Rods, 

Waters, 
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Mirage  on  Cape  Cod,  106 

Miscellaneous  Items,  .  59(^ 

MoUusca  in  new  red  sandstone,  ....      93B 

Molybdenum,  Sulphuret  of,  453,340,991 

Monomoy  Beach,  its  gain  upon  the  sea,  140 

Monument  Mountain,  ...  .86 

Hill,auincy, »4 

Mosaic  Chronology,  how  reconciled  with  geology,  ITS 

Moshop,  Indian  Giant,  ....  906,909 

Moonos  in  the  Western  States,  not  artificial,  175 

Mount  Horn  Bay,  108 

Mountain  Slides,  ......        86 

Mount  Washington,  .....  86 

N. 

Nacrite, 312,360 

Nahant,  ..:....  103 

Nantasket  Beach,  ....:.       105 

Nantucket,  its  scenery,  .....        10^ 

Narraganset  Bay,  its  scenery,  ....         103 

Native  alum, 340,391 

arsenic,  195 

gold,  368,441 

copper,  938,3S9, 495 

Nauset  Beach,  its  gain  upon  the  sea,  136 

Nephrite,  319,313 

Nevropteris  in  graywacke,  ...  .964 

New  Bedford  seen  from  its  harbor,  .103 

New  rew  sandstone,  its  agricultural  character,  90 

in  England,  .  .90 

its  uses  and  quarries,  46 

Hsffeneral  character,  .  .911 

in  the  Connecticut  Valley,  994^911 

proofs  of  its  occurrence  ther^,  919 

Its  mineralogieal  characters,  913 

its  topography,  990 

of  New  York  and  Nova  Scotia,  390 

of  New  Jersejr,  .513 

its  dip,  direction,  and  thickness,  939 

its  mineral  contents,  5298 

its  theory.  991,943 

its  organic  remains,  994 

Noachian  Deluge,  148,119 

Nodular  argillaceous  iron  ore,  .        .        188 

Nomenclature  of  rocks,  .    190 

Northeast  and  Southwest  Sjrstem  of  Strata,  515 

Northwest  and  Southeast  do  519 

Novaculite,  .  .  ^ 

O 

Ochres,  their  localities  and  uses  .  .        '  67 

Ochrey  Brown  Oxide  of  Iron,       ...  195 

Old  Red  Sandstone,  whether  it  exists  in  Massachusetts,       911, 941 

Ophicalce  Grenue,       ....  *        319 

Organic  Remains,  in  plastic  clay,  195 

in  new  red  sandstone,  934 

inffraywacke,  984 

Orthoeera  in  new  rea  sandstone.  339 

Osseous  Conglomerate,  ,  .  .  .191 

Oxide  of  Manganese,  341,133,340 

of  tin,  .494 

of  molybdenum,        ...  340 

P 

Parallel  Roads  in  ScoUand,  ...  149 

Pargasitc,     ^     .  .309,311 
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Peat,  its  localities  and  uses, 

49 

its  extent  in  Nantucket, 

126 

theory  of  its  production, 

127 

Pecopteris  in  graywackc, 
Pelham,  (N.  H.)  granite  in, 

2B4 

28 

Peliom,               .... 

393, 493 

Petalite,  lithia  in, 

60 

in  limestone, 

.     309,311,368 

Petrosilex,  rose,  ot  Sahlberg, 

436 

Phosphate  of  lime, 

.      488,390,340,309 

of  manganese. 

495 

Picrosmine,                                   .          - 

360 

Pimelite,                                  .               .        . 

368 

Pinite,              .... 

.343,489 

Pisiform  argillaceous  iron  ore, 

195 

Plants  in  Massachusetts,  Catalogue  of 

.     604 

plastic  Clay,  its  history, 

189 

its  min^^ogical  characters, 

190 

its  ocj^anic  remain.s, 

195 

its  mmeral  contents. 

193 

dip,  direction,  thickness,  of  its  strata,  &c..       201, 203 

its  theoiy, 

on  the  Vineyard, 

206 

189 

on  Nantucket, 

202 

in  Truro, 

203 

in  Duxbuiy, 

204 

its  extent  in  the  U.  States, 

206 

Plumbaginous  mica  slate. 

.        .                 328 

Plumbago,                             ... 

57,377,390 

generally  associated  vith  gems, 
Porcelain  Clay, 

391 

47 

its  agricultural  character, 

24 

Porphyry,  its  use  for  ornaments, 

31 

sienitic, 

32,  444 

black  and  green. 

33 

defined. 

434 

its  mineraloeical  characters, 
compact  feldspar, 

.        .                      435 

435 

antique. 

437 

brecciated, 

438 

its  geologicsu  position, 

438 
439 

its  mineral  contents. 

440 

its  theory. 

441 

Potters' Clay,                      ... 
Potstone,  * 

48 

310 

Prase,                      .... 

.     284 

Prehnite,           .... 

451,  427 

Price  of  wrought  and  unwrought  granite, 

28 

Primitive  Greenstone, 

.        .           .          371 

Prismatic  Iron  Ore,           .... 

184 

Provincetown,  its  unique  scenery,                 , 

106 

Pseudo-stratification  of  sienite, 

446 

of  granite, 

462 

Purgatory  in  Sutton, 

114 

in  Newport,  R.  I.        . 

114 

Pyrallolite, 

311 

Pyritous  Copper, 

494,346,283,229,452 

Pyrope,                              ... 

392 

Pyroxene,                            ... 

CI 
\3tuartz,  crystalized,  yellow,  rose,  red,  &c.  489 

344,392 

,451,427,341,290,393 

and  pseudo-morphous, 

.     452, 489 

yellow, 

489, 342, 393 
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Ouartz,  drasjr,  .....  3G8 

crystalised  in  ^eodes,  .  497 

taoular,  smoky,  and  amethystine,  437 

fetid,  :...,.  489 

radiated,  .  ,  .  .  494 

crystals,  their  use  ...  61 

Rock,  its  agricultaral  character,  93 

its  economical  uses,  ...  93 

granular,  used  as  buhrstone,  33 

used  in  making  glass,  51 

its  place  among  the  rocks,  316 

its  mineralogical  characters,  317 

its  topography,  .  390 

dip,  airection,  &c.  of  its  strata,  329 

its  mineral  contents,  .  393 

associated  with  c^ajrwacke,  .    959 

veins  in,       ....  393 

its  theory,  ...  393 

GLuartzose  Breccia,  ...  318 

Conglomerate,       ...  319 

duincy  Granite  or  Sienite,  ....        96 

R 
Radiaria  Fossil  at  W.Springfield,  .  .  242 

Radiated  Pyrites,  ...  .195 

Radiata  in  Kf  assachusetts,  Catalogue  of  .  .  .      G09 

Rattle  Snake  Hill,  .....  66 

Ravine  of  Westfield  or  Agawam  River,       .  .        .         98 

and  Gorge  of  Deer  field  River,  98 

Red  Oxide  of  Copper,  ....  5S9 

Red  Oxide  of  Iron,  .        .  .341 

Report  Geological,  how  divided.       ...  15 

Reptiles  in  Massachusetts,  Catalogue  of       .  534 

Rhode  Island  Granite,  ...     97 

Rhoetizite,  .  .  .       ^   .  .  .  34^ 

Rhomb  Soar, 309,319,360 

Richmona^  Iron  Ore  in  .....  65 

Rocks,  their  nomenclature,  -  •  -  -  190 

their  supposed  changes  in  the  line  of  their  direction,       330 

Roof  Slate  in  Worcester  County,  -  .  988, 45 

in  the  Connecticut  Valley,  -  -  -       988, 45 

in  Berkshire  County,  -  -  969, 45 

Rose  mica,  -       •  -  -  -  490 

auartz,  -  -  ...  341,489 

Rotten  Stone  in  West  Springfield.  •  •       58, 983 

Rubellite,  ...  ....     491 

Ruby  at  Bolton,  .....  310 

8. 
Saddle  Mountain,  ......  g^ 

Sahlite,  - 311,343 

Salisbury,  Ct.  Iron  Ore  in,  -  -  -  .  OS 

Sand,  white,  siliceous,  ....  190 

used  for  making  glass,  -  -  -  -  51 

micaceous,  ....  199 

gTeen, 190 

Sandstone,  gray  micaceous,  ....     2I6 

vane^ted,  .....  215 

brecciated,  .....      916 

columnar,  at  Titan's  Pier,  494 

Sandy  Neck,  its  gain  upon  the  sea,  .  .  .136 

Sappare,  ...  349 

Saraonyx,  498 

Satan,  his  supposed  agency  in  mines,        ...  .  79 

Satin  Spar,  333,313 

Saurian  (supposed)  fossil  in  East  Windsor,  937 
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Scapolilc,  343,308,310,343 

Rock,  its  agricultural  character, 
its  mineralogical  characters, 
Schorl,  ..... 

Scientific  Geology  defined, 

Part  III, 
See,  its  action  upou  the  coast, 
Section  at  Turner's  Falls, 

in  granite  and  chalk  in  Saxony, 

and  sandstone  at  Heidelberg, 
Section  in  granite  and  clay  slate  in  Scotland, 

in  diorite  and  transition  schist  in  the  Hartz, 
in  basaltic  breccia,  lias,  &c.  in  the  Suabiafi  Al|)s. 
in  greenstone  and  sandstone,  Mt.  Tom, 
in  Plastic  Clay,  .  .  .        . 

in  gray  wacke,  .  .  .  . 

Sections  accompanying  the  Report, 

Selenite,  ..... 

Septaria,  .... 

Serpentine,  its  economical  uses, 

its  agricultural  character, 
.    its  beds  in  Massachusetts, 

crystalized,  .... 

in  sienite,  .... 

its  definition, 

its  mineralogical  characters, 

its  topography  and  associations, 

its  Flora,        '      .  4  .  . 

its  ihineral  contents, 

its  theory,  .        .  .  . 

Shales,  ...... 

Shark's  bones  and  teeth  at  Onj  Head, 
Shells  in  Massachusetts,  Catalogues  of, 
Sienite,  its  agricultural  character, 
its  use  in  architecture,, 
defined,         . .  .        . 

its  mineralogical  characters, 

porphyrytic,  .  • 

conglomerated) 

augitic,  ... 

its  topography, 

its  pseudo-stratification, 

veins  in,  .... 

its  geological  position, 
of  Sienna  in  K^fjrpt, 
of  Mount  Sinai, 
its  mineral  contents, 

its  theory,  .  .        . 

Sigillaria  in  graywacke, 
Siliceous  Slate.  .       .  ... 

Silliman  Prof,  nis  opinion  of  the  Connecticut  Valley, 

his  account  of  greenstone  near  Hartford, 
Silver  in  galena  at  Southampton, 
Sketches  of  Scenery,  ... 

Smith's  Point,  its  gain  upon  the  sea. 
Smith,  Dr.  David,  S.  C.B.  his  Catalogue  of  Reptiles, 

Dr.  Jerome  V.  C.  do  of  Fishes, 

Soils  their  ori^,  .... 

Somerset  Vt.  iron  mine  with  native  gold  in, 
Sphngled  Mica  Slate,  .  .    '  . 

Specimens  of  Rocks  and  Minerals  for  the  Government 
Specular  oxide  of  Iron, 
Sphene,  .... 

Spiders  in  the  United  States,  Catalogue  of, 
Spinelle, 


315 

343, 392,  490 

15 

119 

131 

416 

.     419 

419 

419 

420 

420 

421 

201 

276 

.     507 

195,  428 

218 

40 

22 

40,364 

.      310 

45) 

.      361 

362 

363 

364 

368 

.     368 

216 

198 

538  544 

.      .24 

25 

442 

442 

.   444 

444 

445 

.    445 

44a 

447 

.      450 

443 

442 

451 

452 

.    285 

264 

241 

.      423 

74 

116 

136 

534 

535 

16 

74 

326 

15,540 

.      440,494 

311,398,376,392 

550 

311 
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Spodamene,  .  .  ^  .  ^,489 

State  House,  view  from,  ...  .101 

Staurotide, :i36,3IS 

Staurotidiferous  Mica  Slate,  ....  396 

Steatite,  its  agricultural  character,  .  .  .  SS 

its  economical  uses,  ....  42 

crystal ized  or  pseadomorphous,  ;  9G8 

its  beds  in  Massachusetts,  42,362 

other  facts  concerning  it,  352, 350,  371 

Stilbite,  ..         344, 393, 429 

Stockbridse  Mountain,  :       .  86 

Stratified  Rocks,  •  ...  122 

Submarine  Forests,  .....  194 

Sugar  Loaf  Mountain,  .91 

Sulphate  of  Iron,  .  9B4 

Sulphuret  of  Copper,        .        .  361,283 

of  Tin,  ....  361 

Sulphur  in  mica  slate,  .  ,  344 

Sulphuret  of  iron,  361,360,393 

Sulphate  of  Baryta,  493,  488, 452, 283, 59, 233 

of  Stroniia,  ...  .234 

of  lime,  .      '         .         234,2S3 

of  alumina  and  poia^sa,  .         340 

Sulphuret  of  Molybdenum,  391,360,340,452,495 

Sunderland  Cave  and  fissure,  112 

Systems  of  Strata  in  Massachusetts,  509 

oldest  Meridional,  510 

the  Trap  System,  ...  513 

latest  Meridional,  514 

N.  E.  and  S.  W.  System,  .    515 

E.  and  W.  System,  .  517 

N.  W.  and  S.  E.  System,  519 

T. 

Taenite,  .        .  451 

Talc,  .....         312,310,350,359 

and  Serpentine  their  relation,  363 

Talco-chlorilic  Slate,  .  .  354 

Talcose  Slate,  its  agricultural  character,        ...         22 

its  economical  uses,  .34 

its  definition,  ...      349 

its  mineralogical  characters,        .  350 

its  topography,  .  .        352 

dip,  direction,  dtc.  of  its  strata,  .    355 

its  mineral  contents,  .        .         356 

the  repository  of  Gold,  .  357 

its  theory,  ...  361 

Tellina,  fossil  at  Qay  Head,  ...  290 

Tertiary  Formations,  their  agricultujal  character,  19 

their  history.  17B 

around  London,  19 

their  economical  nses,  47 

Tertiary  Formations,  the  most  recent  in  Mass.  178 

position  &  thickness  of  its  strata,    181 

remarkable  disturbances  in,      180, 181 

minerals  in,       ....        184 

organic  remains  in,       .  .    187 

theory  of,        ...  188 

Theory  of  Central  Heat,  .....       501 

of  causes  now  in  action,  503 

of  the  Elevation  of  Mountains,  581 

Thomsonite  .....         427,  4S& 

Tin,  oxide  of,  ...  .  73, 494 

Titan's  Pier,  ,  .90.401,494 

Titanium,  red  oxide  of,  452,  346, 360,  377,  392 
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215, 

303',  309,  312, 

'    .    *    58, 


100, 
100, 
96, 
141, 


Titanium,  ferruginous  oxide  of,. 

silico-calcareous  oxide  of, 
Toby,  Mount, 
Tom,  Mount, 

Topaz,  ,  .    ^ 

Tourmaline,  green  and  red, 
Topographical  Geology  defined, 
Totten,  Col.  Jos^h  Q.  assistance  from, 
Trap  Conglomerate, 
Trap  System  of  Strata,    . 
Tree,  fossil  in  new  red  sandstone, 
Tremolite. 

Tremont  House,  its  granite, 
Tripoli  in  West  Springfield, 
Trunk  of  a  tree,  fossil. 
Turbo  fossil  at  Gay  Head,  .        \    ' 

Turner's  Falls,  ... 

Tynsborough  Granite.  '  . 

U 
United  States  Bank,  Boston,  its  granite, 
TJnstratified  Rocks  defined,  .... 

their  origin,  .... 

,,    ^  ,  „  •  ^ow  represented  on  the  Geological  Map, 

Useful  Rocks  and  Minerals  in  the  Stale, 

V. 
Valley  of  the  Connecticut,  .97 

how  far  a  valley  of  excavation, 
of  Worcester, 
of  the  Merrimack, 
Vallies  of  Berkshire, 

terraced,  how  formed, 
of  denudation, 
Varioloid  Wacke, 
Vegetable  remains  in  Plastic  Clay, 
Vegetation  early,  on  the  Globe, 
Veins  in  new  red  sandstone, 

in  graywacke, 

in  quartz  rock,    . 

in  mica  slate, 

jn  sienite,  . 

in  granite, 

metallic,  their  origin,  &c.   . 

their  direction  and  dip. 
Venus  fossil  in  plastic  clay, 
Verd  antique, 

Vermicuhte,        :  .  . 

Vertibrae,  fossil,  Virginia, 
VertebrBB  of  animals  fossil  at  Gay  Head 
View  in  Amherst, 

in  Hadley 

between  Holyoke  and  Tom, 

fromHolyoke, 

of  South  Hadley  Falls  and  Village, 

of  Sagar  Loaf  Moimtain, 

at  the  mouth  of  Deerfield  River. 

of  Turner's  Falls, 

of  the  Gorge  or  Glen,  Leyden, 
VolcMiic  Agency  supposed  at  day  Head, 
Van  Dechen  and  Van  Oeynhausen  on  the  kiUas  of  Cornwall 

W 
Wachusett  Mountain, 
Wacke  varioloid. 
Wacke,  .  . 

Washington  Mount, 

Mountain, 


346 

309,392 

92 

91 

489 

491 

83 

264 

409 

513 

236 

313 


233 
236 
200 
108 
27 

29 
396 
397 
397 

25 

139 
221 
147 
147 
141 
147 
146 
261 
196 
247 
418 
257 
323 
339 
447 
462 
505 
506 
200 
41 
393 
210 
197 
116 
116 
116 
116 
117 
117 
117 
117 
117 
208 
355 


93 
261 

404 
86 

87 
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Water  Falls, 107 

Webster,  Prof,  aflsistance  from,  ....         14 

his  account  of  trap  in  Charlestown  .    4dl 

Wemerian  Hypothesis,  .....       500 

We9tford  Qranite,  ......       37 

West  Stockbridge,  iron  ore  in,        .  .  .  .  A) 

Whetetones  in  R.  Island,  .....      351 

Williamsbureh  GraDile,  .....         39 

Winchester^  (N.  H.)iron  ore  in,        .        .  ...       64 

Worcester,  iron  mine  in,  .61 

World,  its  supposed  eternity,  ....  395 

Y. 
Venite,  361 

Ytiro-cerite,  .  .  .  .310 

Z. 
7.eolitic  Minerals,  ....  393,438,493 

Zinc,  sulphuret  of,  in  Sterline,  ....  63 

its  localities,  452,  333,  73,  344, 343,^492 

Zircon,  ....  .  .  451 

Zoisite, 3^,313 

Zoophyla.  fossil  at  Gay  Head,  .  .  .  .  3M 

at  West  Springfield,  .  .  .        iSd 
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TO  THE 

CLASSES,  ORDERS  AND 

QENfiRA  OP  ANIMALS  AND  PLANTS  IN  THE  CATALOGUES. 

The    names    0/    the  Animal  are  printed    in  Ilalies;    those     of 

the  Plants  in  the  Roman  character.     The  Classes  and  Orders 

are  distinguished  by  the  Greeh  Alpha  attached. 


Ahramis, 
AcaniSits, 

AcalypliA, 
AcantiapUrygHf 


AcdpensiTf 
AecijriSres^  a 
Acer. 

Acenncc,* 
SdUta, 


Acoidm, 

Acpras, 

Acridvum^ 

AetBtu, 

AcHma, 

AamUpus, 

A^iwltDOll^ 

iBcidium, 
JSgeria, 
.^igeriadaj  a 

-^tfaiisa, 
Agaricos, 
Agathyrnos, 
AgeUna, 
Aglaope, 
Agonmn, 
Aganoderus, 
Agrimonia, 
Agrion, 
Agrostemma, 
A^osiris, 
Aura. 

AloMda, 

Aka, 

Aicedo, 

Alectoria, 

AltfOcAora, 

Aletris, 

Alg»,  a 

Ausma, 

AUmaeea^m 

Aflium, 

Alans, 


Pag: 
536  Alopecurus, 
58AAlsfDe, 
603  Althani. 

615  Aluteres, 
I        637  Amanita, 

579  Amara^ 

585  Amarantliaceae,  a 

6d8  Amaranthus, 

616  Ambrosia, 

616  Amelanchief , 
576  Ambulatores,  a 
576  Ammaimia, 
621  Ammi, 
618  Ampelopsis, 

633  AmphiMi,  a 
578  Amphicarpa, 
607  Amf^iconuij 
603  Amphidesma^ 
Sb$' Amphipoda,  a 
639  An^gdaleae,  a 

645  Anacardiaees,  0 
593  AnadorUaf 
593  Anarckicat, 

S80, 581  Anagallis, 
606  Anas, 

646  Anaspis, 
631  Anati/a, 
561  Anatvna, 
6^  Anchomenus, 
566  Ancfius, 
566  Anarena, 
611  Andreniadat  a 
581  Andromeda, 

617  Andropogon, 
633, 634  Anelastes, 

634  Anemone, 
543  Angelica, 
530  Angioepermae,a 
S^AnguiUa, 
539  An^ulirostres^  a 
643  Anictangium, 
657  AnelideSf  d 
633  AnoHwn, 
649  Anomodon, 
630  Anomia, 
630  AnophMles, 
633  Anter, 
614  Anseres,  a 

86 


Page,  Page. 

634  Anthemis,  ^I 

618  Anthicida,  a  668 

609  Anthicus,  568 
535  Anthoceros,  643 
646  Antktmyzi,  0  631 
566  ArUkamifia,  599,  600 
618  Anthozanthum  634 

618  AfUkracida,  0  596 
631  Anthrax,  696 
611  AiOkrenm,  663 
539  AntkrOms^  668 

610  AntkuSj  630 

606  Antirrhinam,  637 
616  Anychia,  618 

538  Apargia,  631 
613  AphunistitMS,  668 
565  ApJddida,  9  680 

540,  546  i^u.  680 

649  Aphodiw,  664 

619  AphffUa,  m  643 
616  Ajnda,  a  590 

643,  546  Apion,  568 

537  Apies,  613 

e^Apu,  690 

533  Aplectrum,  630 

568  Apocyne«,  a  636 

539,  544  Apocynom,  636 

539,  545  Aptera,  a  600 

555  Aqoilegia,  607 

547  Arabis,  608 

589,  590  Aradus,  678 

589  Aralia,  606 

630  Araneides,  a  660 

634AraIiace«,a  6O6 

560  Arbuttts,  630 

607  Area.  640,  646 
606  Arc^a,  693 
606  Araiada,  a  693 

537  Arctium,  63l 

539  ArctomtfS,  697 
640  Arcyria,  646 

538  Ardea,  533 

561  Arenaria,  61 7 
640  Arethusa,  631 

541, 546  Argynnis,  591 

695  Aristida,  634 

533  Aristolochiae,  a  6II 

533  ArjnadiUo,  560 
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Aroideas,  a 

AroDia, 

ArrheQathenim, 

Arrhenopterum, 

Artemesia, 

Arthonia, 

Aitcx:arpeaB,«i 

ArvicolUt 

ilrum, 

Arondo, 

Asarum, 

Ascalajfkus, 

AscanSj 

Asclepiadese,  a 

Asclepias,     - 

AsUiada^ « 

Asellus, 

AsUttSf 

Asparagus, 

Asphodeleae,  m 

Aspidium, 

Asplenium, 

AsUuus, 

Astaiie, 

Astata, 

Astemma, 

Aster, 

AsUriaSf 

AiauchuSf 

Atragene, 

Atriplex, 

Airopos, 

AtUuuSf 

AfUlalnts, 

AUus, 

Auehenia, 

Auricula^ 

Avena, 

Azalea, 

B. 
Baccha^ 
Baeomyces, 
BaUtn^, 
BaUtnuSf 
Ballota, 
BalsammesB,  a 
Baptisia, 
Barbarea, 
Bartramia, 
Bartsia, 
Bairackia,  a 
Bairackus, 
Belostama, 
Bembeciaia,  m 
BembeXf 
Bembidium, 
Berberideae,  a 
Berberis, 
Beris, 
Betula« 
BetaliDSB,  a 
BiHo, 
Bideiis, 

•  BiMusculotAy  a 
BU^ma^ 
Bi^alves^a 


d33 
611 
$34 
640 
621 
643 
614 
527 
633 
634 
611 
661 
602 
025 
625 
596 
549 
596 
632 
632 
639 
639 
549 

i640,545 
588 
578 

621,622 
602 
564 
607 
618 
582 
592 
568 
552 
573 
647 
634 
620 

598 

643 

527 

539,544 


616 
612 
608 
640 
628 
534 
538 
579 
588 
588 
556 
609 
609 
597 
614 
614 
596 
e22 
539,545 
570 
542 


Blasia, 

BlaUa, 

BlaUiada^a 

Blennius, 

Blitum, 

BodiamuSf 

BoBhmeria, 

Boletus, 

Bombus^ 

Bombyciada^  a 

BomifciUa^ 

Bombyliut, 

BombyXf 

Bootia, 

Boraginese,  a 

BortSrus, 

Borrera, 

Boslrickiada,  v 

BostrickuSf 

BotrychiujD, 

Bonsta, 

BrackiwuSf 

Brachyiira^  a 

Branckypus, 

Bracon, 

Branekipoda^ « 

Brassica, 

BrcTtbuSf 

Briza, 

Bromus, 

BrosmuSf 

Bruchiada^  a 

BruchiUf 

Bryum, 

Bvccinum, 

Bufo, 

Bulla, 

Bunias, 

Buprestiada0f  a 

BtupresbriSj 

Buzbaumia, 

Byrrhiadae,  o 

Byrrhm, 

C. 

Cacteae, 
Cactus, 
Caelioxytt 
Cakile, 

CalatAus, 

Calicium, 

Calidris, 

Calla, 

Calleida, 

CalimorjfAaj 

Callitriche, 

Callitrichineae,  « 

CaUobata, 

Calopogon, 

CalMmna, 

Caltha, 

Campanala, 

Oampanulaceae, 

cancer, 


566 
643 
578 
676 
537 
618 

537,538 
613 
646 
590 
592 
529 
596 
593 
611 
629 
600 
643 
670 
570 
639 
646 
553 
548 
550 
586 
550 
608 
569 
634 
634 
536 
568 
568 

640,641 

542,548 
534 

547,541 
608 
558 
558 
641 
563 
563 
560 

610 
610 
590 
508 
569, 570 
554 
643 
532 
633 
553 
593 
619 
619 
600 
631 
554 
1507 
621 
»  621 
548^519 


Conu, 

Canori,  m 

CanthareUnii 

Cantkarut 

CaprifoUaceae,  a 

Caprilblium, 

Caprimulgns, 

CapsuSf 

Carabidae,a 

CaracoUa, 

Oarabus, 

Cardamine, 

Carckarias, 

Cardita, 

Cardium, 

Carduus, 

Garei:^ 

Camosi,a 

Camassiers,  a 

Carpinos^ 

Caiya, 

Caiyophylleae,  a 

Casnonia, 

Cassia, 

CassidOi 

Cassidadaef 

Cosier, 

Castauea, 

Catharinea, 

CatoaUa, 

Caulinia, 

Caulophyllam, 

Ceanothus, 

Cebrioniadae,  a 

Celastrioeae,  a 

Celastrust 

Cellulares,« 

CeUis, 

CtnnonttS^ 

Cenchrus, 

Cenomyce, 

Centaurea, 

Centaurella, 

Centronot^St 

Cephahuthus, 

Cephalopoda,  a 

Cepkus. 

Ceranufycidas,  a 

CerambyXf 

CerapkroHi 

Cerassus, 

Cerastium, 

Ceratina, 

Ceralocampa, 

Ceratophyllen,  a 

Ceratopogon, 

Ceratophyllum, 

Cercerts, 

Cercopis, 

Cercopiadae,  a 

CercuR, 

Ceropkales, 

CerOia, 

Cerwra, 

Cervus, 

Cetasm,9t 


606^587 
529 
646 
568 


5fi9 
578 
563 
543 
554 
608 
535 
540^546 
540^546 
tsst 

e3C,  637,638 
603 
5QS 
614 
615 
617 
563 
61S 
573 
573 
5S7 
614 
641 
593 
633 
609 
615 
560 
615 
615 
639 
614 
588,589 
634 
643 


610 
538 
626 
542)548 
582,584 
571 
571 
587 
612 
617 
590 
592 
619 
595 
619 
589 
580 
579 
562 
587 
530 
593 
58r 
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Cetoma, 

565  (Mpea, 

636  Crotalus, 

Cetraria, 

644  aypeasUr 

575  Crotalaria, 

Chalcididae,  a 

566  Clythra, 

673  Cruciferae, 

ChaerophyHum, 

606  Caicus, 

622  Crustacea,  a 

Ckalcis; 

586  Cocciada,  a 

580  Cryptocepkalus, 
575  Crysormliadae,  a 

Chara, 

643  Coccinella, 

Ch^raceaei  a 

643  CoccbieUiada,  a 

575  Crypiophagus, 

CharadrruSf 

532  Coccus, 

580  Cryptotaenia, 

CkatUiaides, 

581  Coccyzus, 

528  Crypltis, 

ChelidoTies,  a 

529  Cochlearia, 

608  Ctenophora, 
597  Cucubalus, 

Gbelidonum, 

607  Ccsnomyia, 

Chelone, 

g27  Casnurus, 

602  C%cujiada, 

Chelonia^  a 

534  Colaspis, 

574  CM<;t4W«, 

Chelowus, 

"586  Coleopiera,  a 

553  C«^:7t/tt5, 

Chenopodeae,  a 

618  Colias, 

590  Cucurbitaceae,  a 

Chenopodinm, 

618  Collema, 

644  CttZ«, 

Chimaphila, 

620  ColvAer, 

534  CvXidda,  a 

Ohionea, 

595  Columba, 

531  C«;/e5, 

Chironamusy 

590  Columbella, 

542,  548  Cuphea, 

Chiton, 

541, 546  ColvMbini,  a 

531  Cupressus, 

Chlaenius, 

554  ColliDsonia, 

628  Cupulifers,  a 

Cmmys, 

573  ColymbeUs, 

556  Curculio, 

Chrysanthemum, 

622  Colymlms, 

534  Cucurlionjada,  a 

Chrysididae,  a 

587  Comarum, 

611  Cuscuta, 

Chrysis, 

587  Compositffi,  a 

621  Cyamus, 

Chrysogaster, 

598  Comptonia, 
574  Conckifera,  a 

615  Cyanea, 

Chrysomela, 

539,  545  Cyathus, 

Ckrysops, 

597  Condylura, 

526  CycZ«5, 

Chrysosplenium, 

609  Conferva, 

649  Cyehrus, 

538  Conner, 

537  CydopUTus, 

Cuada, 

579  Com  ferae,  o 

630  Cydostomia 

Cicadiada,  a 

579  Conium, 

606  Cymbidium, 

Cichorum, 

622  Conopiada,  a 

599  Cymindis, 

Cieindela, 

553  Conops, 

599  Cymothoa, 

CicindeUada^  a 

553  Convallaria, 

632  Cynoglossum, 

Cicuta, 

606  Convolvulacea,  i 

or         626  Cynlhia, 

Cimex^ 

578  Convolvulus, 

626  Cyperaceae,  a 

Cimbtx, 
Cimicifaga, 

582  Conyza, 

622  Cyperus, 

607  Copris, 

564  Cyprina, 

Cimicidaj  a 

578  Coptis, 

607  Cyprjnidae,  a 
603  Cyprinus, 

Cinchoneae,  a 

625  CoraUina, 

CineraSy 

644,  539  Corallorhixa, 

631  Cypripedium, 
540,  545  4/>5  Jvs, 

Cmna, 

634  CorlmUi, 

Circsea, 

610  Cordylura, 

600  Cyr/t«, 

CircaeaceaB,  a 

610  Coretda,  a 

577  Cy^A^rco, 

Clrrhipeda.  a 

539, 544  Coreopsis, 

622  Cy5/ic«rct«, 

Cm, 

570  Careus^ 

577                      D 

Cissus, 

6l6  Cornicularia, 

644  i>a.n^, 

Cisida,  a 

570  Cornus, 

625  Dactylis, 
520  Dalibarda. 

CiMela, 

567  Corvus, 

Cisteliada,  a 

567  Corydalis, 

609  Z>anfl«5, 

CisiincBB,  a 

617  Corydalis, 

581  Danthonia, 

Cisms, 

617  Corylus, 

614  Dasychira, 

Clavaria, 

64fi  Cossomis, 
618  Cossus, 

570  Z>«;;/«^ 

Claytonia, 

592  DasdUus, 

Clems, 

561  Cottu% 

538  />a57yfe5, 

CHtpea, 

536  Crabro, 

588  Datura, 

Clypeasier, 

bib  Crabroniada,  a 

588  Daucus, 

Cocyzus, 

528  CranUms, 

594  Decapoda,  a 

Clematis, 

607  Crangan, 

549  Dedalea, 

CUriada,  a 

561  Crantzia, 

606  Delphinus, 

Clethra, 

620  Crassulaceae,  a 

618  Dendarus, 

Climacium, 

641  Crataegus, 

612  Dendropkagus, 

Clinopodium, 

628  Cremastochilus, 

565  Dentaria, 

Clisiacampa, 

592  Crenilabrus, 

537  Dervustes. 

ClivinAy 

554  CrepidiUa, 

541,  546  Dermestiadae,  a 

ClosUra, 

593  Criocerida,  a 

573  Z>«aia, 

Clvbunui, 

651  Crioceris, 

573  Dianthus, 

534 

^13 
606 
548 
573 
573 
5()3 


595 
617 
671 
671 
528 
621 
595 
596 
561 
610 
630 
614 
569 
568 
626 
549 
603 
648 

542,545 
554 
537 
535 
631 
553 
549 
629 
591 
636 
638 

640,545 
536 
536 
631 
529 
596 
545 
602 

563 
634 
611 
591 
634 
593 
555 
560 
561 
628 
606 
548 
647,  646 
527 
566 
571 
608 
563 
56^ 
599 
618 
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tHaperiadae^  a 

Dicksonia, 
Diclytra,  . 
Oicotyledon^s,  a 
Dicranum, 
Didymodon, 
Diervilla, 
Digitaria, 
Duophus^ 
Diopsis, 
Dioscorea, 
Dioscoreae,  a 
Diphyscium, 
Diplocomiam, 
DiploUpiSy 
Dtplolepididae,  0 
Dipsacese,  a 
Dipsacus, 
Diptera^a 
Dirca, 
,  Dircaea^ 
Discoboli^ 
Discopleura, 
DUicidaej  a 
Dolichopjdae^  a 
DolickopuSf 
DohmedeSf 

Donaciaj 

Draba, 

Dracaena, 

Drosera, 

Droseraceae, » 

Dryoctmpa^ 

DryopSy 

Dulichlum, 

Dysdera^ 

Dyiicus^ 

E. 
Bckeneis^ 
EchvnodermaJta,  a 
EchinoTMfia^ 
EiMnns^ 
Echium, 
ElapkruSf 
Eledona, 
Slater, 
ElaUriadae, 
Eleusine, 
Elmis^ 
ElodeSj 
ElophoruSj 
Elymus, 
Emberizaf 
Empis^ 
Encalypta, 
Endocarpon, 
Endogynae,  a 
Endomychidae, 
EndamyckuSf 
EnopUam, 
Entozoa,  a 

EpetTOff 

Ephtm/era, 


a 


564  Epikamm'adMf  a 
566  BpeokLS, 
566  S^UUOnnm, 
639  Epigaea, 
606  Epilobium, 
606  Epii>hagus, 
641  EquisetacesB,  a 
G41  Equisetum, 
e35  Erebus, 
634  Ericese,  a 
596  ErigeroD, 
600  Eriocaulon, 
6^3  Eriophorum, 
632  Era^lidae,  a 
641  Erophila, 
641  Erysimum, 
5B6  Erythronium, 
586  Esuces,  a 
631  Esox, 
631  Eiuxra, 
595  Eucknemis, 
611  Euchroma, 
567  EiUophus, 
537  EionolphMSf 
606  Eupatorium, 
556  Euphorbia, 
597  Euphorfoiacese,  a 
597  Ei%i/ryt4fma, 
553  EusirophuSf 
561  Evanta, 
573  Evaniadaej  a 
608  Evernia, 
633  Exo€€tus, 

553  EUogeuse,  a 
617  p 

599  Faenus, 
563  Fagus, 
638  i^«^i 
650  -'^Wi, 
55^  Peronia, 
Fesluca, 
537  Piher, 

608  Sf  »^«» 
599  Filarxa, 
eog  Filices,  a 

629  PUisUUGf 

554  Fissidens, 
566  Mstidaria, 

559,  560  f^^laridae,  a 
55Q  Fistulina, 

634  ^f?^. 

563  Flustra, 

560  Fluviales,  a 

564  FoDtinalis, 
634  Forficula, 
531^  Forfiadadtti « 
596  Fomiica^ 

641  Formiciada'i,  a 
644  Fragraria, 

630  Fraxinus, 
575  FnTigiUa, 
575  Fucus, 

561  FulgoriaMe,  a 
603  Fuirena^ 

551  ^tctf, 
581  FuUgo, 


681  Aiii^tJa, 
990  Fiunariay 
568  Famarimceai, 
eaOFunaria, 
610  Pongi,  a 
627  /^Wks, 
—  G. 
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541, 548^ 


639  OadUes, 
693  gadia, 
630Galega, 
638  Galeopsls, 
633  ikUerUa, 
638  G<|2efiu», 
&'%  Qaliom, 
QOSGalUria, 
608  GaUinae,  « 
633  GaUinaceia^ 
536  Gamffuinw, 
536  GasberopadA^  • 
590  Gasirapa^, 
558  Gaultiueria, 
638  Geastnim, 
586  Genista, 
673  Gentiana, 
633  Gentianeaa,  • 
615  GeoglossQin, 
615  Geomeira, 
686  <3e0m€frM{tfif ,  0 
667  Gea^rupeSy 

584  Geraniaceae, « 

585  Geranium, 
644  Gerardia, 
636  GerbiUus, 
606  GerriSy 

Geum, 

»*  Glaux, 

rii  Glechoma, 

^  Gloniom, 

^  Olumaceae,  a 
^«  555  Glyceria, 
635,g4  flf^fCMiem, 

^  Gnaphalium, 
603  Gobaides,  a 
639  Gimia, 
650  Goodyera, 
641  Gra//;^,  a 
638  Gramineae,  a 
638  Graphis, 
647  Grapsuit 
679  Gratiola, 
603  Gregarh,  a 
633  Grinunia, 
641  Grossulacem,  a 
576  GryUotaipa, 
676  GryUiaddte.a 
587  Or^Ottf, 
587Grij, 
611  C7ui0^ 
636  C?y«Mi0SMiia, 
531  Gymno^mmae  ,a 
649  Gymnostomum, 
579  Gyrmta4a<,o 
638  GyHnus, 
533  Gyromia, 
647  Gyrophora, 


& 

6» 

536 
6U 
G» 
661 
674 
6M 
694 
631 
631 
M9 
641 
598 
6» 
ef7 
613 


594 

591 
664 
616 
616 

07 
597 

mt 


647 
.6» 
6» 
616 
613 
6S 
637 
899 

m 

6» 

03 

641 

649 

mr, 

641 
619 
675 
676 
676 
638 
5a( 
599 
639 
641 
667 
567 
6» 
641 
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Ghrropodiuin, 
H. 

647  EMrtfpkUida^.m 

BmdrovkUut. 
631  |^drophylle«,a 
638  Htydrophyllmn, 

568  tjuapkUus, 

566 

563  ijotuna. 

541,548 

Habenaria, 

6B9  Laemodipoda,  a 
•  639  JLog^ria, 

549 
567 

m^ifhu, 

si^r^ 

566, 557  Jjngriada,  a 

567 

Halorageae,  a 

SH  Lamia, 

571,573 

BttUica, 

574  HyUsinus, 

570  Lamium, 

649 

Hamamelidee,  a 

610  Hybu,rgus, 

570  Laminaria, 

688 

Hatnamelis, 

610  mm/!nopUia,m 

683  Lampyrid<t,a 

566 

Harpalyce, 

634  mosciamus, 

638  Lampyris, 

560 

£S^,     : 

^'SiKz:r- 

609  Lanfi^ria, 
557  Xiaauif , 

575 
530 

Hedwigia, 

640  Hyosehs, 

633  Larra, 

588 

Hadj^saram, 

613  Hypericum, 

606  /^ma4i«,« 

568 

Heleninm, 

638  Hypnum, 

641,643  XiarM, 

533 

Helianthemttm, 

617  Ehfpoglossus, 
623  Hypopelti3, 

537  Lasicopa, 
639  Lathrckwn, 

630 

Hdianthus, 

557 

BtUx, 

543,547  mpopAlaeus, 
566  Hypopitbys, 

566  Lathyrus, 

613 

BeUtpidae.a 

630  Latridins, 

570 

BOluo, 

563  Hypoxideae, « 

630  Laurineae,  a 

609 

Helonlas, 

632  Hpoxis, 

630  Laurus, 

609 

mops, 

1        600  Lauxania. 

600 

Hdotinm, 

647  Hypulus, 
647  Hyssopns, 

&ff7  Lebia, 

553 

Helvella, 

638  Lecanora, 

644 

BmnerobUdae.a  - 

581  Hysteriura, 
581  Hystrix, 

644,647  Lechca, 

617 

BaneroHus, 

537  Lecidea, 

644 

BnUplera^a 

5T7                      1. 

Lecontia, 

633 

Hepatica, 

607  nkUia, 

586  Lednm, 

680 

Hepaticae,  m 

6^  Ibis, 

533  Lcersia, 

635 

Btpudus, 

693  leknewMn, 

585  Lefuminosese,  a 

905 

^xadeum, 

584  L«m, 

60S 

/A7intftM| 

594  leUria, 

•       533 

Btrodiiya 

533/cfom5, 

639  Lemania, 

64» 

BkfVfllM,       . 

650  letodes, 

633  Lemna, 

638 

m$piria, 

691  Uataea, 

549  LentibQlaris,  m 

mt 

Buperiadae^u 

691  Ilex, 

619  Leontice, 

41^ 

BOeroaruSf 

563  Biciruae^a 

619  Leoatodon, 

60 

Hibisicas, 

609  Uieeebreaef  a 

618  Leonoras, 

d^ 

Hieracinm, 

633  HfuforiOta 

603Leotia, 

Ut 

Hierochola, 

635  Impatiens, 

eiBLepas, 

a» 

Hi?"<intifl, 

647  Inula, 

633  Iridium, 

68ft 

^^ 

533  4», 

591  Irideae,  a 

549  Iris, 

630  Lepraria^ 
630  Leptandra, 

664 

mt 

Binmdo, 

539  Isanthus, 

easLeptis, 

m 

mtpa, 

673  XsDardia,            > 

610  Leptopus, 

v» 

0uinadae,a 

573  hopoda.a 

mupb£a. 

978;  913 

BRsUr, 

568J%eeiH», 

SeSLepm, 

937 

BtsUriadae.a 

562  Iva, 

tfBLeskea, 

648 

Hdcos, 

635                     J. 

I^spedeza^ 

•13 

Bopiia, 

66&  Justus, 

580  Leucisau, 

966 

Hordeum, 

636  JnglaiidefB, « 

615  Lencodon, 

6tt 

Hottonia, 

635  Joiflans, 

615  Ltueaapis^ 

966 

5^' 

568  Joncafineae,  a 

633  laatrjs, 

688 

Bariadae,  a 

568  JiiBceae,a 

631  LibeUtUa, 

968 

Honstonia, 

&i6  Jqucos, 

96i 

Hadsonia. 

617  Jiiii^ermamil», 

G^LiHnUs, 

948 

Hamulus, 

6ia  Jniuperas, 

630Licea, 

667 

J^rdniimi 
Hydrocharida,  m 

596        *^     '  X 

Ldcbenes,* 

•43 

647Kalmia, 
630  Koeleria, 

GSnUgia, 

635  Ligusticum, 

540 
606 

JB&drabim, 
mdrackus 

664Kngia, 

664                    L. 

688  Ligustram, 

686 
638 

Hydrocotyle, 
BfydropeiUs, 

606  Labiatae,  a 

686  Liliom, 

683 

579  Labroides,  a 

537  Limoeodes, 

863 

GOBLabrus, 
608  LActuca, 

537  lAmaz, 
638  LmtnUis, 

•67 
631 

Digitized  by  CjOOQ IC 


698 


Iiiitx  to  the  Cmtaloguei: 


lAmex^idaf  a 

Limnetis, 

Ldmosa, 

Idmicola,  a 

Limnobia, 

Limosella, 

JAmulus^ 

Liodemia, 

Lineae,  a 

Linnaeay 

Linum, 

Liparis, 

Liriodendron, 

iAssay 

Listera, 

LUhosiada^  a 
Ljthospermum, 
lAxus, 
Loases,  a 
Lobelia, 
Lobeliaccae,  a 

Lolium, 

ItmigipenneSj  a 

Lonicera, 

Lopbanthus, 

Lophobranckii,  a 

Lucanidaf  a 

ijucanuSf 

iMcemarxa^ 

Lndwi^a, 
Lifpa, 

Lapinus, 

iMtra, 

Lozala, 

Lycogola, 

Lycc^rdon, 

Lycopodiacese,  o 

Lycopodium, 

Lycopsis, 

Lycopus, 

L^cus, 

ligaeus, 

Lygodiam, 

Lysimachia, 
Lythram, 

M. 

MttCTogUfssa, 
Macroura,  a 
Mactra, 
Magnolif^ 
Ma^oliace«B, « 
MalacKius^ 


636  >      ,naUs.a 

536Macor. 

S3S  Malacoplefygu/ivod€s,a5Ql  MugU, 

533  UtUdccpierygip-mib           Moblenbargia, 

595          rackiata,  a 

b36mUus, 

627  Malazis, 

eZlMus, 

550  Malva, 

eOSi  Mutcicapa, 

627  Malvaceae,  a 

GOdMngca, 

617  Mdntiada,  a 

576  MiKci,  a 

625  Mdnlispa, 

582  Muscoidese,  a 

617  Manlispiada,  m 

aaSAferez, 

631  Marchantia, 

643JIAt«cia4ia«,a 

609  Murgantia, 

594Afc«C«^, 

600  Marrubium, 

689JIAi<a2a, 

631  Medeola, 

G3&MUilhada€,a 

693  Mcdicago, 

613  3^,              539, 

593  Medusa, 

603  A^oj, 

6^  MegarhiU, 

590  Myceiapkagidae,  a 

579  Megatojua, 
610  Melampus, 
621  Melampyrum, 
621  Melandria, 

541,  548il^cetopiki^, 
628  Mycrostilis, 
567  JM^iieentf , 

576  Melanopkara, 

699  JM^iias, 

576  Melas>tomace«,a 

611  M^docka, 
eaStMyopa, 

648  Melanthaceae,  a 

635  Melasis, 

558  Myosotis, 

600  mUagris, 

531  Myrica, 

533  MeUcta, 

590  Myricea;,  a 

625  MeUiaea, 

591  MyriophyUnm, 

628  MtUinms, 

53SMeloe, 

568  jiiyft/«5. 

536  J^loUnUha, 

565                     N. 

531  Mel^rididae.a 

561  Naemaspora, 

600  Mmbracis, 

579  Najas, 

566  MeDlspermeae,  o 

emNassa, 

566  Menispermum, 

609  Nastartinm, 

603  Mentha, 

629  Naiica, 

540, 545  Menyanthes, 
610  mpkitU, 

626  NamlUw, 

526  A'<*ria, 

548  Mergus, 

633Neckcra, 

526  Merisma, 

647  Necrobia, 

613  Merlangus, 

536  Neerodes, 

526  Merodon, 

598  NecropkiMrus, 
647  Necfdalis, 

632  Merulius, 

691  Mierogaster, 

586  Nemopanihcs, 

647  Mikania, 

623  NeotUa, 

647  Afilesia, 

598Ar«|w, 

640  Milium, 

636  Ntpadae,  a 

640  mmetus, 

551  Nepeta, 

629  Mimulus, 

627  Nephrodium, 

629  Miris, 

578  Nephroma, 

552  Miscus, 

588  iVer ;:^a, 

670  Mitchella, 

625  Neuroptera^  a 
609  Nicandra, 

560  Mitelia, 

576  Mytremyces, 

647  Nidularia, 

639  Mhdiola, 

540, 546  NUidula, 

543,547  MoUugo, 

618  NUiduladae,  a 

551  MoUusca,  a 

541  AVc/iMT, 

626  Momordica, 

621  Noctuadae,  a 

611  MoDarda, 

629  Notnada, 

Mdnedukij 

5H8  A0au>pAa«s, 

570  Notodonta^ 

593  MoDoiropa, 
549  Morchella, 

620  J>^otodontiada€j  a 

648  Notonecla, 

539,545  mrdella, 

567  Notonect*adae,  a 

609  MordeUiadae,  a 

667  Notoxus, 

609  Mifrrkua,  a 

536Mtciito, 

561  M»r»uwt, 

534  iVi*wenit«, 

€14 

€48 
«7 


537 
aST 
609 
599 
640 
640 
541 
S99 
506 
597 
567 

540,545 
555 
510 
570 
595 
631 
567 
597 
578 
599 
689 
615 
615 
610 
581 

540,546 

648 

633 

543,548 

608 
541,547 
542 
554 
642 
561 
561 
661 
571 
619 
631 
579 
679 
&9 
639 
644 
641 
580 
628 
648 
562 
562 
594 
593 
590 
564 
593 
593 
579 
-  579 
568 
540,546 
532 
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Nuphar, 
Nymphaea, 
NymphaeacesBj  a 
Nyssa, 

O. 

fieypode, 

OunUaeuSf 

CSdemera^ 

(Edemeriadae^  a 

OBnothera, 

{Estriadae^  a 

<Bstnis, 

Oiftrsia^ 

Oleaceee,  a 

OUtera, 

Omalium, 

OmalisuSf 

Omoptera,  a 

Omophron, 

Onagrarise, 

Oniscus^ 

Onilis, 

Onoclea, 

OnopordoQ, 

Onosmodiom, 

OiUkopkaguSf 

Oodes, 

Opegrapha, 

Cjfhldiaya 

Ophioglussum, 

Oporina, 
drckesia, 
Orchis, 


Orobanche, 

Orebancheae,  t 

OroDtium, 

OrsodacAne, 

OrthopUra^ 

OrUUis, 

Orthotricham, 

OrffssuSj 

Oryzopsis, 

OsmeruSj 

Osmorhiza, 

Osrmunda, 

Osiracion^ 

Ostrya, 

OHoceruSj 

OUan, 

Ozalideae, 

Ozalis, 

Oxybelus, 

Oxycoccus, 

Oxfpoms, 


606 
606 
611 

588 

519 
599 
564 
657 
567 
610 
598 
•  598 
600 
636 
550 
557 
560 
579 
554 
610 

549,550 
564 
639 
624 
629 
564 
554 
644 
534 
639 

684,585 
621 
567 
631 
593 
637 
627 
633 
573 
576 
600 
642 
684 
635 
636 
590 
606 

640,639 
535 

541,  546 
614 
579 
544 
616 
616 
588 
620 
557 

657 

549 

549 

543,  547 

554 


Panax, 

Pa$idoraf 

Panicam, 

Ponorptt, 

Panorpindae^ « 

Papaveraceae, 

PapiliOf 

Papilioniadae, 

Parandra^ 

Parietaria, 

Psftmelia, 

Pamassia, 

Pamiadatj  a 

Parus^ 

Paspalam, 

Passalus^ 

PassereSf  a 

Passerinij  a 

Pa-stinaca, 

Patella, 

Patrohus, 

Pecten, 

Pectinarid, 

Pedlcia, 

Pedicalaris, 

Peduncultdaj  a 

PelecinuSj 

Peltidea, 

PelUs, 

PeTUatomadae,  a 

PenttUoma^ 

PenstemoD, 

Penthorum, 

PeTUhetr'uif 

Percaj 

PereoideSj  a 

PerdlXj 

Perla, 

PerUampuSf 

PerUadae,  a 

Petaloideae,  a 

Petricola, 

Petromyztm, 

Peziza, 

Phalaris, 

PkalaerocoraXj 

PAalaropus, 

Phaleria^ 

Phallus, 

PhanaeuSj 

Phaseolus, 

PhengodeSt 

PkUanthuSf 

Phleam, 

Phloiotribus, 

Pboca, 

Pkolas^ 

Pkolcus, 

Phoru, 

Phragmites, 

Pkrygaena, 

Pkryganeadaej 

Phryma, 

Physa, 

Pyhsalis, 

Physarum, 

Pkfsodadiiflus, 


606 
540,545 
635 
581 
581 
607 
590 
590 
571 
G13 
645 
609 
563 
531 
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6a8X?loiiia,  649 

648  Jtflopkagidod,  •  597 

634  Xflopkagns,  fOl 

6S7  Xylosteom,  685 

645  Xvlostroma,  648 

689A^'<^,  596 

fMXypkjiiria,  584 

5§9  Xyrideae,  a  630 

603  Xyris,  690 
e»                Y 

613  Yponemeuia^  594 
696                     Z 

616, 617  Zanthozylom,  616 

616  5««..  S 

530  Zizaoia,  686 

515  Zostera,  683 

^l^^gaena,  635 

Z^gaenuuUu,  m  698 


ADDITION  AND  CORRECTION. 


lM|w  u  tne  same  epuco. 


Digitized  by  CjOOQ IC 


REPORT 


RE-EXAM  IN  ATION 


ECONOMICAL    GEOLOGY 


MASSACHUSETTS. 


BT   BDWARD   HITCHCOCK, 


nowmuom  or  ouonmr  akd  ntrumu.  hmtoet  iii  tMmam  ootxBoa. 


Soston: 

DUTTON  AND  WENTWORTH,  STATE  PRINTERS. 


1838. 

Digitized  by  VjOOQ IC 


Digitized  by  VjQOQ IC 


CONTENTS 


Objects  and  present  state  of  the  Surveji 

].  Soils  :  their  Origin  and  Nature,     . 

Their  Classification,  •  •  • 

Mode  of  collecting  soils, 
Methods  of  analysing  soils,  • 

Calcareous  Matter  in  the  soils  of  Massaohusetts^ 
Table  of  results  by  the  first  method  of  anaJ^siog 
Explanation  of  the  table,  •  • 

Magnesia  in  the  soils  of  Massachusetts, 
New  method  of  analysing  soils  by  Dr.  Dana, 
Rules  of  Analysis,  •  .  • 

Table  of  results  by  the  new  method,    . 
Explanation  of  the  table,    . 
Phosphate  of  Ume  in  all  our  soils,      •  • 

Analysis  of  Western  soils,  • 

Power  of  soils  to  absorb  water. 
Power  of  soils  to  retain  water,       • 
General  conclusions,      .  «  •  • 

S.  Marls  in  Berkshire  County,     .  .  • 

liable  of  their  analysis, 

In  what  quantity  and  mode  shall  Marl  be  used? 
I'heory  of  the  action  of  Lime  upon  soils,  &c. 
Practical  application  of  this  theory, 

3.  Marlt  Clat,  •  •  •  .  . 

4.  Calcareous  Dilutium,  •  •  • 

5.  LniESTOifEs  IN  Massachusetts, 

Table  of  their  ana^sis, 

New  localities,  .  •  .  • 

Berkshire  Limestones, 

Magnesian  Limestone  in  agriculture. 

Limestones  in  the  eastern  part  of  Massachusetts, 

6.  Green  Sand:  its  localities,  •  .  • 

Its  use  in  agriculture, 

7.  Clat  in  AeaicuLTQRE, 

Analysis  of  several  clays  in  Massachusetts, 
Theory  of  their  fertilizing  power. 


Boil% 


Page  5 
7 

8 
13 
14 
16 
18 
20 
28 
29 
34 
38 
43 
45 
47 
i9 
50 
52 
52 
57 
59 
59 
61 
63 
(A 
67 


71 

72 
74 
75 
79 
81 
82 
82 


Digitized  by  VjOOQ IC 


4  CONTENTS. 

8.  DECOMFoaire  Fbldbfatbic  amd  Micacbovs  Rocks,  Page  84 

9.  HToaATE  or  Siuca,         ..••••  85 
10.  SoumcBB  OF  Gkuis  or  Yxoxtabu  NuTRnouiT  m  MASSAcmnBTn^    87 

Peat  Swimpa,    •              •           .           .          •          •  87 

Gek  Compound,  ^wjjpotikemiiej            .           •           •           ,  89 

Use  of  this  Mibfltance  as  a  paint,              •           •           •  90 

IL  SuBSTAircxs  TiKLDure  BOTH  Gbiite  aud  Salts  of  Iab,  91 

ManhMud, 91 

Muck  Sand,     .......  93 

Coneluding  remarks  u^n  Soils,  101 

13.  Fossil  Fuxl,         ••••...  103 

Antfaneite  Coal,                .....  103 

Exploration  of  the  Massachusetts  Mining  Company,  104 
Exploration  of  the  Mansfield  Coal  Company,  and  the 

Mansfield  Mining  Company,  109 

DiluTial  drift  of  Coal,            ....  113 

Coal  Bed  in  Foxborough,            ....  114 

Coal  Bed  in  Cumberiand,  R.  L         ...  114 
Worcester  Coal,                                     •           .           .116 

Bitummous  Coal,  West  Springfield,         ...  116 

Peat,                118 

18.  MXTALLIC  Oxxs, 199 

Carbonate  of  Iron  in  Newbury,          ....  193 

Magnetic  Iron  in  Warwick,          .           •           •           •  194 

Chromite  of  Iron,       ••....  194 

Hematic  Iron  Ore,  ^iMNOfide,^      ....  196 

Copperas,  ($u^pkaU  qf  wmj  firom  the  sulphuret  of  iron,  196 

Galena,  in  Uxbridge,                •           •           .           •           «  137 

Blende,  Galena,  and  Copper  Ore,  in  Russell,      •           .  197 

Galena,  Blende,  and  Titanium,  in  Norwich,                          •  197 

Galena,  in  West  Stockbridge  and  Alfinrd,                      .  197 

14.  OcHRxs  ASB  Stonx  Pautts^          .....  198 

15.  MouLDiire  Savb,          ...••.  199 

16.  PoacxLAiic  Ann  Pifx  Clat,          .           .           .           •           •  130 

17.  Clat  as  a  substitutx  for  FmjxE's  Eaeth,                      •  131 

18b  FXLDBPAR  AMD  AlBITX  FOB  THX  GLABIBe  OF  POBCBLAIB  WaBE,  139 

19.  Fbldspab  Aim  Mica  fob  oBTAnmre  Potassa,  •  .  •  133 
90.  Matbbials  foe  Watbb-fboof  Cbkxrt,  •  •  •  133 
9L  Stxatitk  OB  SoAFSTonx,  .....  135 
99.  SxEPxnnzix  ob  VsBn  Amnqux  Mabbt.b,      ...  137 


Digitized  by  VjOOQ IC 


REPORT 


; 


To  His  Excellency  Edward  Everett, 

Governor  of  MassaehuHtii: 

Sir, — Th0  comnns3iQO  with  whicb  I  w^s  booored,  CQ  make  u  fMrtb^ir 
Geological  md  Mineralo^icQl  survey  of  (h^  State)  vvns  pot  revived 
\n  3ea8pn  to  eosble  ine  lo  eater  upoa  ihe  work  till  towards  |))# 
poDclu^ioD  of  the  last  summerf  From  that  time  to  tbe  prefseoi,  } 
bave  devoted  myself  to  it  airaost  witi)out  oessaiion. 

I  was  directed  to  give  speqial  atxenuo*  to  five  leadiqg  ob)9c($r 
Tbe  fir^  was  the  ipoHection  and  analysis  of  our  soiUg  with  a  view  \q 
Ibeir  iniprovement  on  cbeipical  principles*  The  &ei;QDd  wa^s  ih^  disr 
covery  of  coal*  niarl,  and  ore/s.  The  tliird  was  a  re*e;(i(minatioD  of 
aome  of  the  rock  forinatioas,  so  as  to  determine  more  accurately  their 
limits,  that  they  may  be  colored  of^  the  new  Geographical  Map  of  tbc( 
8tate,  The  fourth  was  to  make  further  investigations  into  our  scientific 
geology,  both  with  a  view  to  advance  the  science,  and  to  make  a  practi- 
cal application  of  any  pew  discoveries  that  might  be  made*  Tlie  fifth 
WRs  the  pfoeuring  of  new  specimens  of  our  rocks  and  minerals  for 
tbe  State  collection. 

It  was  obvious  at  oiiee,  that  it  would  be  impossible  to  accomplish 
all  these  objects  in  one  season*  Indeed,  in  regard  (o  the  third  objacj(« 
which  in  the  comineRcement  of  the  geological  survey  was  regard- 
ed  as  the  main  one,  want  of  time  was  not  the  greatest  obstacle.  For 
it  never  can  be  effected  untii  the  geologist  can  obtain  at  least  an  ooU 
fine  map,  far  more  accurate  than  any  that  now  e^sts,  except  of  pw 
or  two  counties  in  the  vicinily  of  Boston.  It  is  an  established  prin-' 
ciple,  whose  correctness  wi|l  be  ^een  oo  a  rngmenx'^  reflepAion,  that 
a  geological  map  cannot  be  made  more  aeturai^  ibaa  the  fe^fvapinnl 
1 
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«  GEOLOGY  OF  MASSACHUSETTS. 

one  which  is  made  its  basis.  Hence  but  little  progress  can  be  made 
in  the  third  object  of  my  comniissioo,  until  the  new  geographical  map 
shall  be  so  far  advanced,  tlmt  I  can  be  rurntshed  widi  its  outlines  at 
least. 

Under  these  circumstances,  aad  ^reeably  to  your  Excellence's 
instructions,  I  have  made  the  soils,  the  marls,  and  the  ores  of  the 
State,  the  leading  object  of  my  labors  the  last  season.  But  in  doing 
this,  it  was  in  my  power  to  accomplish  much  in  respect  to  all  the 
otlier  objecu  above  named.  To  collect  the  soils,  it  was  necessary 
to  visit  almost  every  part  of  the  Slate;  and  I  have  been  enabled,  while 
doing  this,  to  trace  out  more  accurately  the  boundaries  of  several  of 
the  rock  formations;  to  obtain  several  hundred  specimens  for  the  State 
collection;  to  examine  many  new  and  deeply  interesting  facts  illustrative 
of  the  science  of  geology,  and  to  procure  several  new  sketches  of  oar 
scenery.  But  I  am  totally  unprepared  to  report  upon  any  part  of  the 
subject,  except  our  economical  geolog}'*:  and  even  here  I  would  most 
gladly  have  delayed  my  report  till  I  could  have  examined  some  lo- 
calities farther,  and  verified  the  analytical  results  which  I  shall  present 
by  farther  experiments.  During  the  last  season  T  sent  a  circular  to 
every  town  in  tlie  State,  directed  generally,  to  some  gentleman  who  was 
I  member  of  the  Legislature  last  year,  requesting  information  on  certain 
points,  which  would  require  a  vast  amount  of  time  to  examine  per- 
sonally. The  prompt  manner  in  which  the  gentlemen  addressed  have 
complied  with  my  request,  has  been  gratifying;  and  for  the  important 
facts  which  they  have  communicated,  I  feel  grateful.     Even  up  to 

*In  connection  with  specimens  of  our  soHs,  marls,  See.  which  I  hmve  deposited  m  dm  rooms 
stf'lbe  Boston  Natural  Histor^r  Soeioijr  with  the  Slate  coUectioo,  I  take  the  liberty  to  ask  tka 
atieniion  of  the  government  to  a  few  spccimeoSf  illustrating  our  scieutiBc  geology,  which  I 
have  sent  to  the  same  place,  because  I  thought  they  might  he  interesting.  Two  of  them  (Nos. 
SIB,  a  19)  are  examples  of  the  tracks  or  aainsals  on  stone,  round  in  the  region  ofConBeeiicul 
river.  Tlie  one  which  is  in  relief,  (No.  SIS)  is  of  so  monstrous  a  site  (four  times  larger  than 
the  track  of  the  Ostrich)  that  probably  many  eaa  haidly  be  made  to  believe  that  it  exhibits 
only  the  natural  sise  of  the  fool  of  the  animal  ibat  made  iL  Yet  I  ean  assure  them,  that  if  ihey 
will  accompany  me  to  the  banks  of  Cnnneclirut  river,  in  Northampton,  I  can  show  them  she 
tracks  of  the  same  size,  four  feet  apart  and  following  one  another  in  succession  !  No  t19,  is 
t  smaller  specimen  which  exhibits  a  very  perfect  example  of  a  track  in  its  natural  posaiion. 
The  specimen  No.  SI 6,  is  a  variety  of  the  Emerald  from  a  new  locality  recently  discovered 
in  Royalston.  For  a  knowledge  of  this  locality,  as  well  as  for  assistance  in  obtaining  speei- 
aanns,  I  am  much  indebted  to  Alden  Spooner,  Esq.  of  Athd.  It  is  certainly  one  of  the  fincil 
gems  which  our  country  has  produced.  No.  tl7  is  a  specimen  of  Amethyst  from  Mr.  Morti. 
mer  Blake  of  Pmnklin,  and  was  found  in  that  town.  He  aMuras  me  thai  it  is  nraek  mlerior 
iftap«laN|t«^aA betes IbaadiNn.    .• 
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the  time  of  making  out  this  report,  I  have  continued  to  receive  sew 
specimeos  of  much  interest; — some  ofwliichl  have  analysed;  biitibe 
localities  I  have  not  visited,  both  for  want  of  time,  and  on  account  of 
the  unfavorableness  of  the  season  of  the  year.  As  it  has  been  im|Mnh 
•jble  for  me  in  all  cases  to  communicate  by  letter,  when  requestedf 
my  opinion  of  the  nature  and  value  of  the  specimens  sent  by  various 
gentlemen,  I  take  the  liberty  to  refer  them  for  that  opinion  to  this  re- 
port, should  it  be  printed;  and  also  to  say,  that  I  shall  take  the  earli- 
est opportunity  in  my  power  to  visit  the  localities. 

In  this  report,  I  shall  confine  myself  to  tiiose  substances  valuable 
to  the  State  in  a  pecuniary  point  of  view,  which  have  been  dieewered^ 
er  their  value  mare  fully  developed ,  since  the  completion  of  my  former 
Reports.  In  this  way  the  government  will  have  a  fair  opportunity  of 
judging  whether  this  work  is  important  enough  to  receive  their  patron- 
age till  it  is  completed* 

1.  Soils,  their  Origin  and  MUure. 

Before  proceeding  to  exhibit  details  respecting  the  soils  of  Massa- 
chusetts, it  wjll  be  necessary  to  state  my  views  respectiog  the  origin 
and  nature  of  soils  in  general,  and  tlie  principles  on  which  they  may 
be  classified. 

.  All  geologists  and  chemists  agree  in  regarding  soils  as  the  result 
of  the  abrasion,  disintegration,  and  decomposition  of  rocks,  with  the 
addition  of  certain  saline,  vegetable,  and  animal  substances.  Ever 
since  the  deposition  of  rocks,  various  agents  have  been  operating  up^ 
on  them  to  wear  them  down,  to  cause  them  to  crumble  or  disinte- 
grate, and  often  to  decompose  them  into  their  proximate  or  ultimate 
principles,'  while  they  have  been  constantly  receiving  vegetable  and 
animal  substances  with  soluble  salts.  The  earthy  portions,  however, 
always  constitute  by  far  the  largest  part;  and  hence,  if  we  know  the 
composition  of  the  rocks  whence  tliey  were  derived,  we  shall  know 
the  earthy  and  metallic  constituents  of  the  soil.  Now  we  find  that 
nearly  all  the  rocks  which  exist  in  large  quantity,  are  composed 
chiefly  of  silica,  alumino,  lime,  and  oxide  of  iron:  and  these  are  the 
ingredients  that  are  found  almost  invariably  in  soils.  Magnesia  is 
also  usually  present  in  small  quantity;  as  is  also  manganese  in  the 
toils  of  New  England.    Silica  ia  ia  the  largest  quantity,  both  in  the 
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fMki  itid  the  soib;  HlismiM  ttett;  white  the  othef  itigf«dietits  m  ifi 
much  smaN^r  |iiPO|)ortj6ii.  I  ought,  tfisD,  to  idd  jyoMssa  and  soda; 
Whiob  are  very  widely  diffused,  though  not  usually  in  large  quantity. 
To  give  a  numerical  statehient,  derived  from  numerous  analjrses, 
aueh  rocks  as  most  of  those  in  New  England  contain  66  per  cent  of 
ailiea^  16  percent  of  ahioiina,  6  or  7  per  cent  of  potassa,  5  per  cent 
of  oitide  of  iron^  and  of  lirtie  and  magnesia  a  much  less  quafitity :  and 
the  composhion  of  onr  soils  will  probably  be  found  to  correspotid 
very  nearly  with  tliese  numbers,  with  the  exception,  perbeps,  of  the 
potaaaa,  which  may  have  in  a  good  measure  disappeared  by  the 
opOMtiM  of  tegetatiod. 

CtoirificiUum  of  Soik. 

The  above  ingredients  are  combined  in  diflbhant  ptt)portioils  kk 
the  different  rocks,  so  as  to  constitute  several  sorts.  Hence  we 
should  expect,  and  hi  fact  we  find,  a  corresponding  difference  in  the 
soils  resulting  from  their  decomposition.  Indeed,  with  some  excep- 
tions, tlie  geologist  i^  able  to  ascertain  the  nature  of  the  rock  Abm 
the  cliaracter  of  the  soil  that  covers  it.  And  I  appreheod  riiat  it  will 
not  be  difficult  to  point  out  tlie  characteristics  of  the  soib  derived  from 
tlie  different  rock  formations  of  Massachusetts;  so  that  they  can  be  dis^ 
tinguished  by  those  not  familiar  with  practical  geology.  Tliis  Geolog* 
teal  Ciaisification  is  the  only  one  which  I  shall  attempt  to  give  of  our 
soils;  and  this  seems  to  me  all  that  is  necessary,  or  useful,  in  addi* 
UM  \o  the  <^ommon  division  into  sandy,  clayey,  bamy,  calcareous^ 
ftc.  The  following  list  embraces,  it  appears  to  me^  all  the  impo^ 
cant  varieties  of  soil  in  Massachusetts. 
1.  Alluvium,  from  rivera. 

Do.        peaty. 
S.  Tertiary  soil,  argillaceotil. 

Do.  sandy. 

9.  Sandstohe  soil,  red. 
Do.  gray. 

4.  Graywacke  soil,  conglomerate. 
Do.  sltity,  gray. 

Do.  sfoty,  red. 

^.'-GkykJaHfrMil.  .      . 
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6.  Limestone  soil,  imigtiesian. 

Do.  eommoD. 

t.  Mici  slate  soil. 

8.  Tiilcose  slate  jBoil. 

9.  Gneiss  soil,  commoo. 

Do.  ferruginous. 

10.  Granite  soil. 

11.  Sienite  soil. 

12.  Porphyry  soil. 

13.  Greenstone  soil. 

A  few  paragraphs  of  explanation  will,  I  trust,  render  these  varte^ 
ties  of  soil  recognizable. 

In  gt?neral,  if  any  one  wishes  to  know  where  to  find  them,  let  him 
look  at  the  Geologieal  Map  that  accompanied  my  former  Report, 
and  he  may  conclude  that  the  different  soils  cover  those  portions  of 
the  surface  tiiat  are  represented  as  occupied  by  the  rocks  from  which 
they  are  derived.  There  is  one  circumstance,  however,  that  pre* 
irents  us  from  considering  the  boundaries  of  the  rock  formations  as 
peifeotly  coincident  with  those  of  tlie  soils.  Diluvial  action  has  re** 
moved  nearly  all  ttie  loose  covering  of  our  rocks  in  a  southerly  di- 
rection; often  several  miles;  and  nmre  or  less  mingled  the  soils 
from  different  formations.  Hence,  where  one  formation  lies  north  or 
south  of  anotlier  on  the  map,  we  may  conclude  that  the  detritus  of 
the  most  northerly  one  has  been  swept  souilseriy,  or  sotitlieasterly, 
forsec'eral  miles  beyond  the  boundaries  of  the  rock;  and  in  few  cases 
does  the  dividing  line  between  two  formations  so  exactly  coincide 
with  the  direction  of  the  diluvial  current,  that  there  is  no  overlapping 
Itnd  intermingling  of  the  30il.  Wliere  the  formations  are  limited  and 
irregular,  the  soil  of  whole  townships  is  of  so  mixed  and  uncertain  a 
character,  that  it  is  hardly  possible  to  refer  it  to  any  of  the  above  di- 
visions; OS  for  example  in  Amherst,  Ludlow,  and  several  of  the 
towns  in  Plymouth  county.  In  such  cases,  it  might  perhaps  be  con- 
venient to  call  the  soil  diluvial:  but  I  have  not  thought  it  important 
to  introduce  sirch  a  variety,  since  it  can  have  no  constant  characters, 
and  since  this  diflSculty  is  of  so  limited  a  nature.  In  all  such  cases  it 
is  better  to  regard  the  s6i1  as  a  compound  of  detritus  from  the  rocks 
lying  in  the  vicinity  to  the  northward. 

'  Whhcommott  aHovfd  loaM^ttoTeiult  of  tiepositionirooi  livfn, 
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— ereiy  intelligeot  man  is  faiiitliar.  Tbey  are  of  course  fomied  bj 
the  comroinutioQ  of  every  kind  of  rock  over  which  the  stream  that 
produces  them  happens  to  pass.  These  soils,  I  apprekeod,  oitve 
their  value  chiefly  to  tlie  fine  state  to  which  their  component  parts 
are  reduced.  They  may  he  made  so  fine  as  to  exclude  too  much 
the  access  of  air:  and  this  seems  to  he  the  case  witli  some  of  the 
soib  upon  our  lai^e  rivers  at  the  West.  In  Massachusetts  our  allu- 
via are  frequently  coarse  and  quite  siliceous. 

Peat  alluvium  is  composed  principally  of  vegetable  matter,  and 
ought  rather  to  he  regarded  as  a  manure  than  a  soil.  I  include  in  it 
all  those  swamps  that  abound  in  decomposing  vegetable  matter, 
whether  actually  converted  into  peat  or  not. 

The  principal  deposites  of  the  tertiary  soils  are  in  the  valley  of 
Connecticut  river,  and  in  the  counties  of  Plymouth,  Barnstable, 
Dukes  and  Nantucket.  The  surface  in  tliese  places  is  usually  cov- 
ered with  a  white  or  yellowish  siliceous  sand,  which  forms  one  varie- 
ty of  tliese  soils.  Where  the  sand  is  washed  away,  a  deposite  of 
clay  is  exposed;  white,  or  whitish  in  the  southeastern  part  of  the 
state;  but  bluish  on  Connecticut  river.  This  is  the  otiier  variety  of 
tertiary  soils.  Either  of  them  in  a  pure  state  is  exceedingly  barren; 
but  duly  mixed,  they  form  a  very  productive  soil. 

The  sandstone  soil  is  con6ned  exclusively  to  the  vicinity  of  Con- 
necticut river.  Most  of  the  sandstone  ti)ere  is  of  a  red  cobr;  some 
of  it  even  a  blood  red;  and  its  disintegration  has  produced  a  soil  of 
the  same  aspect;  so  that  even  at  a  great  distance,  the  redness  is  quite 
manifest.  There  is  no  soil  that  can  easily  be  confounded  with  this, 
except  some  limited  tracts  of  ferruginous  gneiss  soil  in  Worcester 
county,  and  of  chocolate  colored  gray wacke,  and  red  compact  feld- 
spar, in  the  eastern  part  of  the  Stale.  In  a  few  towns,  as  in  Granby, 
the  sandstone  soil  is  of  a  gray  color,  because  the  rock  is  gray  be- 
neath it. 

The  gray  wacke  soil  is  confined  to  the  eastern  part  of  the  State. 
Its  color  is  mostly  a  deep  brown;  and  it  is  capable  of  being  made 
some  of  the  best  land  in  the  State;  as  will  be  evident  when  I  refer 
to  Dorchester,  Roxbury,  Brookline,  Newton,  Catnbridge,  the 
Bridgewaters,  Taunton,  Middleborough,  Digbton,  Somerset,  &c. 
for  examples  of  its  most  perfect  developement.  In  some  of  these 
towiis  the  roek  is  chieAjT  a  coarse  co^cbmerate  or  plum  pudding 
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stone;  and  as  this  contains  more  calcareous  matter  than  the  slatjr  Ta** 
rieties,  and  decomposes  more  readily,  probably  it  furnishes  the  best 
soil  found  over  this  formation.  The  sUty  varieties  occur  in  Quincy> 
Newton,  Charlestown,  &c.  In  the  southwest  part  of  Attleborough, 
the  slate  is  of  a  chocolate  color,  and  this  peculiar  hue  is  imparted  to 
the  soil.  The  same  color  prevails  in  some  other  places;  but  not 
extensively  enough  to  produce  any  striking  patches  of  this  variety  of 
soil. 

The  tracts  are  very  limited  m  Massachusetts,  where  well  charac- 
terized argillaceous  or  roofing  slate  is  fully  developed:  and  hence  we 
have  but  little  genuine  clay  slate  soil.  Where  it  does  occur^  as  in  a 
few  towns  in  Worcester  and  Middlesex  counties,  also  in  Bernards- 
ton,  in  Franklin  county,  it  has  the  dark  color  of  the  slate;  and  is 
easily  distinguished.     It  is  capable  of  being  made  an  excellent  soil. 

The  limestone  soil  is  confined  to  the  county  of  Berkshire.  I  give 
it  this  name  because  it  lies  above  limestone;  not  because  it  contains 
more  of  the  salts  of  lime  than  other  soils  in  the  State.  For  to  my 
surprise,  I  find  that  in  general  it  does  not.  Much  of  it  probably  re- 
sulted from  the  disintegration  of  the  mica  and  talcose  slates  that  occur 
in  large  quantities  along  with  the  limestone  in  that  county;  and  pro- 
bably, also,  the  calcareous  matter,  which  it  did  once  contain,  lias 
been  exhausted  by  cultivation.  The  magnesian  limestone  and  the 
soil  thence  resulting,  appeared  to  me  more  extensive  (ihouj'h  not  as 
pure)  in  New  Marlborough  than  in  any  other  part  of  the  county. 

The  mica  slate  soil,  which  occupies  extensive  regions  in  Massa- 
chusetts, as  tbe  Geological  Map- will  sliow,  is  distinguished  in  ap- 
pearance from  the  clay  slate  soil,  chiefly  by  being  of  a  lighter  color. 
Yet  since  tbe  two  rocks  pass  into  each  other  imperceptibly,  so  da 
these  soils.  And  in  the  western  part  of  Berkshire  county,  as  well 
as  in  the  mica  slate  region,  extending  from  Worcester  to  the  mouth* 
of  Merrimack  river,  the  mica  slate  approaches  so  near  to  argillaceous 
slate,  that  the  soil  above  it  might,  without  much  error,  be  referred  to 
the  latter  rock.  Most  of  our  mica  slate  soils  are  of  a  superior 
quality. 

The  talcose  slate  soil  is  rather  limited,  and  not  of  the  best  quali-' 
ty:  though  it  shoold  be  recollected  that  it  occupies  some  of  the  high- 
est parts  of  the  Suite,  and  might  at  a  lower  level  be  more  productive.^ 
It  probably,  however^  contains  too  much  magnesia.    Tbe  argillo-tal- 
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oote  •hta  toils  oT  the  wtsi  pirt  of  Borktbir^,  ife  of  •  b«ci«t  qwelilj. 
Ib  appcaram^  the  nict  sltM  and  CalooM  alaia  aoib  can  bardlj  bt 
distiogiiiabtfd  from  each  oiher;  though  in  geeenl  the  latter  b  of  a  iigbu- 
er  color  and  more  aaody. 

GneiM  soil  occupies  foore  soHace  than  any  other  in  the  State;  and 
were  we  to  jtjdge  from  iis  appearaoce*  we  should  conclude  it  the  poor* 
eat  soil  withio  our  limits.  In  general,  it  is  of  a  pale  yellow  colort  and 
very  sandy  or  gravelly.  And,  indeed,  in  many  places  it  is  yeij 
meagre  and  unproductive.  But  over  a  great  part  of  Worcester  coun- 
ty, for  iostaooe,  it  is  of  a  very  different  cliaracter,  heing  enriched  pro* 
bably  by  the  potassa  of  the  feldspar  and  mica  in  gneiss.  The  femigi*' 
nous  gneiss  soil  contains  so  much  peroxide  of  iron,  that  in  some  towns, 
as  West  Brookfiekl,  Sturbridge,  Brimfield,  Oakham,  Ace,  it  is  of  a 
perceptible  red  cok>r  when  seen  at  a  distance. 

Since  granite  and  gneiss  are  composed  of  the  same  ingredients,  the 
aoils  which  they  produce  will  not  differ.  And  in  fact  they  do  not  in 
Massachusetts:  so  tlut  probably  there  is  liide  advantage  in  separating 
them. 

Sienite  differs  from  granite  in  taking  hornblende  into  its  compost* 
tion,  as  well  as  being  in  general  of  a  finer  texture*  The  soil  reault- 
i%  from  iis  decomposition  is  certainly  more  favorable  to  cultivation 
than  that  derived  fi*om  common  granite:  as  an  example  of  which  I 
may  refer  to  nearly  the  whole  of  Essex  county. 

The  compact  feldspar,  that  forms  the  basis  of  porphyry,  frequently 
contains  an  unusually  lai^e  proportion  of  alumina,  from  15  to  30  per 
cent.  And  although  this  is  the  hardest  of  tlie  rocks  around  Bos- 
ton, in  many  places  it  decomposes  rapidly,  and  the  resulting  soil  ad- 
mits of  higl)  cultivation,  as  may  be  seen  in  Jdedford  and  Lynn. 

The  greenstone  in  the  eastern  part  of  the  State  is  so  intunately 
connected  with  sienite  and  porphyry,  that  the  attempt  to  separate  the 
aoik  resulting  from  them,  is  almost  useless.  Yet  the  structure  of  the 
greenstone  is  finer,  and  where  it  predominates,  we  find  a  good  soil; 
as  in  Ipswich  and  Woburn.  The  greenstone  associated  with  sand- 
stone, near  Connecticut  river,  has  a  more  earthy  aspect,  and  prodii«»  ' 
ces  by  decomposition  a  pectdiar  yei  valuable  soil,  of  a  deep  brown 
cotor,  and  abounding  in  iron.    It  is,  Jiowaver,  but  of  Jimited  ex* 
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Manntt  of  atlkcHng  specimeiM  of  the  Soils. 

Having  adopted  this  arrangement  of  our  soils,  it  occurred  to  me 
that  the  proper  way  to  make  a  collection  of  them  for  analysis  would 
be  to  go  upon  each  formation,  and  obtain  specimens  from  different 
parts  of  it  especially  where  the  characteristics  of  the  soil  were  most 
clearly  developed.  As  it  was  not  my  object  to  examine  the  soil  of 
any  particular  farm,  I  did  not  even  inquire  from  whose  land  I  obtain- 
ed the  specimen:  but  took  it  where  I  thought  the  particular  soil  that 
prevailed  in  the  vicinity  was  most  fairly  exhibited,  taking  care,  bow- 
ever,  to  obtain  specimens  from  every  important  part  of  the  different 
rock  formations.  In  nearly  every  instance  (the  few  excepted  cases 
are  noticed  in  the  results  that  will  soon  be  given)  I  took  the  soil  from 
a  cultivated  ploughed  field ;  and  where  it  was  possible,  from  land  that  had 
been  ploughed  long  enough  for  the  vegetable  fibres  to  disappear.  I 
avoided,  whenever  possible,  the  vicinity  of  buildings;  and  especially 
barn  yards;  as  I  did  also  fields  that  through  neglect  had  become  very 
poor.  As  I  collected  these  specimens  in  the  latter  part  of  summer, 
and  early  part  of  autumn,  I  could  judge  by  the  crops  where  the  culti- 
vation had  been  good,  but  not  extra.  I  wished  to  avoid,  on  the  one 
hand, soil  that  had  been  very  much  exhausted;  and,  on  the  other,  that 
which  had  become  quite  factitious  by  the  application  of  various  ma- 
nures and  in  great  quantity;  because  I  supposed  a  medium  state  of 
cultivation  would  best  exhibit  the  real  capabilities  of  our  soils.  I  took 
the  specimen  three  or  four  inches  below  the  surface,  or  about  half 
way  between  the  surface  and  the  sub-soil; — avoiding,  as  much  as  pos- 
sible, roots,  undecayed  manure,  and  large  pebbles.  And  in  my  ana- 
lysis, I  separated  with  a  very  coarse  sieve,  all  the  pebbles,  roots,  &c. 
larger  than  the  tenth  of  an  inch  in  diameter;  and  of  these  I  made  no 
account.  For  although  pebbles  and  fragments  of  undecayed  vegeta- 
ble matters  exert  some  influence  upon  cultivation,  and  if  in  large  quan- 
tity may  essentially  modify  it,  yet  I  do  not  believe  that  a  chemical 
examination  of  these  matters  can  add  any  thing  to  what  the  farmer  al- 
ready knows  on  this  subject. 
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Modt  of  preparing  and  prestrving  the  Specimens. 

The  specimens  as  tbey  were  collected  were  put  into  tin  canisters, 
and  labelled  on  the  spot.  Afterwards  they  were  spread  upon  boards 
and  exposed  for  several  days  to  a  very  dry  air  and  warm  sun  in  Oc- 
tober. Then  they  were  returned  to  the  canisters.  Not  long  after 
the  part  not  used  for  analysis  was  put  into  white  glass  bottles,  which 
were  numbered  and  sealed.  This  arrangement  renders  them  easy  to 
be  examined  by  the  eye  without  the  danger  of  being  wasted  by  un- 
corking them.  These  bottles,  to  the  number  of  125,  along  with  50 
others,  containing  marls,  clays,  muck  sand,  marsh  mud,  ochres,  &c. 
with  several  specimens  of  limestones,  coal,  ores,  &c.  not  previously 
m  the  State  collection,  are  deposited  in  the  Rooms  of  the  Boston 
Natural  History  Society,  where  they  can  be  examined  by  the  govern- 
ment. 

Methods  of  analysing  SqiU. 

The  soils  being  thus  got  in  readiness  for  analysis,  an  important  and 
difficult  question  arose  as  to  the  best  mode  of  conducting  that  opera- 
tion. The  three  leading  objects  to  be  attained,  by  such  an  analysis, 
are,  first  to  ascertain  the  nature  and  amount  of  the  earths  that  form  the 
basis  of  the  soils.  Secondly,  the  nature  and  an[K)unt  of  the  salts  that 
act  as  stimulants  to  vegetation;  and  thirdly,  to  determine  the  amount 
and  condition  of  the  organic  matter  which  constitutes  the  nourishment 
of  plants.  Now  to  accomplish  all  these  objects,  by  the  most  accurate 
methods  of  modern  analysis,  is  a  work  of  so  great  difficulty  and  labor, 
that  the  time  which  was  at  my  disposal  between  the  period  of  collect- 
mg  the  soils  and  the  meeting  of  the  Legislature,  would  not  have  been 
more  than  sufficient  to  have  performed  it  upon  half  a  dozen  specimens. 
Indeed,  every  mode  of  analysis  that  has  yet  been  proposed,  leaves 
many  important  inquiries  relating  to  the  organic  matter  of  soils  un- 
touched and  unanswered.  The  method  proposed  by  Sir  Humphrey 
Davy  has  long  been  thought  the  best  for  practical  purposes;  and  be- 
fore making  trial  of  it,  I  had  the  same  opinion:  and  had  it  answered 
the  purpose,  I  was  confident  I  should  be  able  in  a  few  months  to  ap- 
ply it  to  all  the  soils  I  had  collected.     But  even  though  the  results 
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should  be  such  as  that  distinguished  chemist  represented:  they  would 
furnish  only  a  very  meagre  account  of  a  soil.  Yet  some  parts  of  his 
process  furnish  only  a  very  distant  and  uncertain  approximation  to  the 
truth,  as  will  be  more  fully  shown  further  on.  And  it  is  not  easy  to 
understand  how  his  method  has  been  so  long  in  such  favor  with  al- 
most all  writers  on  the  subject,  except  by  supposing,  that  the  real 
chemist  has  always  seen  it  to  be  so  inadequate  that  he  has  resorted  to 
other  modes  when  a  soil  was  to  be  examined,  while  it  is  so  complex 
and  difficult  that  no  agriculturist,  who  was  not  acquainted  with  chem- 
ical manipulation,  and  who  had  not  access  to  a  laboratory,  has  ever 
attempted  to  follow  it:  so  that  in  fact,  while  all  have  recommended 
his  rules,  none  have  applied  them.  The  difficulty  was  not  that  Sir 
Humphrey  Davy  did  not  understand  all  that  was  known  on  the  subr 
ject  when  he  wrote;  but  that  in  endeavoring  to  frame  popular  rules 
without  compromitting  his  favorite  science,  he  failed  of  his  object. 
Still  his  rules  do  furnish  results  of  some  importance,  and  as  I  knew  of 
no  better  ones  which  could  be  applied  to  a  great  number  of  soils  with- 
in a  short  time,  I  selected  a  number  of  specimens  of  the  different  va- 
rieties of  our  soils,  and  examined  them  by  his  method  considerably 
modified;  and  shall  now  proceed  to  bring  the  results  together  and  in- 
quire whether  they  teach  any  useful  lesson.  I  should  have  proceed* 
ed  farther  in  these  examinations,  had  not  a  new  and  ingenious  method 
of  analysis  been  unexpectedly  brought  to  my  notice,  which  appeared 
to  me  much  more  important  and  satisfactory. 

I  ought  to  say,  before  giving  the  results  above  spoken  of,  that  al- 
though I  should  not  offer  them  if  I  did  not  suppose  them  accurato 
enough  for  all  practical  purposes,  yet  I  do  not  suppose  them  to  pos- 
sess the  precision  that  most  modern  analyses  attain  when  skilfully  con- 
ducted. For  I  was  obliged  to  conduct  a  great  number  of  these  an- 
alyses together;  and  of  course  could  not  employ  silver  and  platinuni 
crucibles:  nor  has  time  been  allowed  me  to  verify  the  results  by  re- 
peating the  processes,  as  ought  always  to  be  done  before  scientific  ac- 
curacy can  be  ensured.  And  the  same  remarks  will  apply,  to  some 
extent,  to  those  other  analyses  which  I  shall  present  in  this  report: 
For  although  in  all  cases  where  it  was  necessary,  the  regular  methods 
were  employed  by  fusion  with  alkalis  in  silver  or  platinum  vessels, 
yet  no  chemist  who  learns  how  numerous  these  analyses  are,  can  be- 
lieve it  possible  that  they  hare  been  performed, in  the  space  of  three 
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or  four  months  with  the  repetitions  necessary  to  ensure  perfect  acco- 
racy.  I  would  gladly  have  made  these  verifications:  but  I  have  done 
what  I  could;  and  that  work,  if  ever  accomplished,  must  be  future. 
For  the  alternative  was  before  me,  either  to  quit  my  laboratorj,  or 
to  disappoint  the  expectations  of  government,  that  I  should  make  this 
report  during  the  present  session  of  the  Legislature. 

Examination  for  Calcareous  Matter  in  our  SoiU. 

A  preliminary  step  of  great  importance  in  this  analysis,  consisted 
in  an  examination  of  the  soils  to  ascertain  whether  they  contain  lime 
in  the  state  of  a  carbonate; — that  is,  common  limestone.  And  I 
conducted  the  process  in  the  following  manner.  A  small  quantity  of 
the  soil  was  introduced  into  a  watch  glass,  so-  placed  that  the  light 
from  a  window  would  fall  upon  it.  This  soil  was  covered  with 
water  to  a  considerable  depth.  The  soil  was  then  stirred  until  all 
the  light  matter  and  every  bubble  of  air  had  risen  to  the  top.  The 
impurity  that  floated  on  the  surface  was  then  removed  by  drawing 
over  it  a  piece  of  bibulous  paper,  so  that  the  water  stood  perfectly 
clear  above  the  soil.  Then  a  few  drops  of  muriatic  acid  were  add- 
ed by  a  dropping  tube,  and  the  water  was  carefully  watched  to  see 
if  any  bubbles  rose  through  it,  as  they  would  have  done  if  any  carbo- 
nate were  present.  The  minutest  quantity  of  gas  escaping,  could  in 
this  manner  be  perceived.  The  result  disclosed  the  remarkable  fact, 
that  out  of  one  hundred  and  ttoenty-five  epeeimens  of  soils  from  all 
parts  of  the  State^  and  several  of  them  from  limestone  tracts^  onty 
ospen  exhibited  any  effervescence;  and  even  these,  when  analysed, 
yielded  but  a  very  small  per  cent  of  carbonate  of  lime,  viz: 

No.  31.  Graywacke  soil,  Watertown,  1.3  per  cent 

—  51.  Limestone  soil,  Sheffield,  0.8 

—  52.  Do.  West  Stockbridge,      3.2 

—  78.  Gneiss  soil,  Westminster,  3.0 

—  80.  Do.  Fitchburg,  2.1 
—^113.  Sienite  soil,  Wrentfaam,  0.4 
— 125.  Greenstone  soil,  Deerfield,  2.0 

Even  in  three  of  the  above  cases,  Nos.  78,  80  and  125,  I  am 
strongly  suspicious,  that  the  calcareous  matter  might  not  have  been 
Bitural  to  the  soils.     For,  contrary  to  my  usual  custom,  in  these 
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I  took  the  specimens  from  small  patches  of  cultivated  ground 
near  villages;  and  very  likely  these  spots  might  have  been  manured 
with  sea  shells,  or  lime  in  some  other  form.  Setting  these  aside, 
only  one  in  thirty  of  our  soik  contains  any  calcareous  matter.  This 
is  so  different  from  the  account  given  in  the  books  of  European 
soils,  that  it  will  doubtless  be  very  surprising.  For  some  of  these  con- 
tain more  than  50  per  cent  of  this  substance;  and  nearly  all  of  them 
a  large  per  cent.  But  in  our  country  the  lack  of  calcareous  matter 
is  not  confined  to  Massachusetts.  In  tlie  able  work  of  Edmund 
Ruffin,  Esq.  of  Virginia,  on  calcareous  manures,  a  similar  statement 
is  made  respecting  the  soils  of  that  State,  and  of  some  of  the  West- 
ern States,  even  in  limestone  regions.  I  have,  also,  recently  ex- 
amined five  of  some  of  the  richest  soils  of  Ohio  and  Illinois,  and 
although  I  find  calcareous  matter  in  all  but  one,  yet  the  average 
quantity  is  not  over  two  per  cent.  Hence  I  apprehend  that  we  shall 
find  a  deficiency  of  carbonate  of  lime  to  be  quite  characteristic  of  a 
large  part  of  the  soils  of  this  country.  This  could  not  always  have 
been  the  case,  especially  in  limestone  regions,  and  hence  we  learn— 
what  indeed  agricultural  chemists  now  generally  admit — ^that  in  cul- 
tivated fields,  calcareous  matter  is  gradually  changed  or  consumed: 
and  hence  too  we  learn,  what  is  one  of  the  great  desiderata  of  the 
soils  of  Massachusetts.     But  more  of  this  farther  on. 

Results  of  the  first  mode  of  Analysis. 

For  convenience  of  comparison,  the  analyses  in  the  following  table, 
and  indeed  all  that  I  shaU  give  in  this  Report,  are  reduced  to  the 
same  standard,  viz.  100  grains;  although  the  quantities  used  were 
sometimes  more  and  often  less.  In  most  cases  there  was  a  loss  of 
several  grains  of  the  soil  analysed.  But  as  I  make  no  pretensions  to 
great  accuracy  in  the  following  results,  I  have  thought  it  would  pre- 
vent needless  embarrassment  to  proportion  the  loss  among  the  sev- 
eral ingredients  of  the  soil. 
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Explanation  of  the  preceding  Table  mth  Remarks. 

The  numbers  in  tbe  first  column  of  the  preceding  table,  denote 
the  specimens  of  the  soils  deposited  in  tbe  State  collection:  and  the 
second  column  points  out  the  name  and  locality. 

However  thoroughly  soils  are  dried  in  the  sun,  a  quantity  of 
water  still  adheres  to  them,  which  cannot  be  entirely  driven  off,  until 
they  are  heated  to  nearly  300°  of  Fahrenheit's  thermometer;  or  to 
the  point  where  paper  begins  to  turn  brown.  This  was  tbe  way  in 
which  the  numbers  in  the  third  column  were  obtained,  by  heating 
.  100  graiqs  to  that  point  and  noting  the  loss  of  weight.  Highly 
siliceous  soils  retain  but  very  little  of  this  water  of  absorption,  while 
from  highly  aluminous  ones,  it  is  not  all  driven  off  by  heating  to 
300°.  The  power  of  soils  to  retain  water,  however,  depends  much 
more  upon  the  quantity  and  character  of  the  organic  matter  which 
they  contain,  than  upon  their  mineral  composition,  as  I  shall  endea- 
vor to  show  hereafter. 

After  driving  off  the  water  of  absorption,  the  soil  was  heated  to 
redness,  and  continued  in  that  state  until  every  thing  combustible 
was  burnt  off.  The  loss  of  weight  showed  the  quantity  of  organic 
matter;  and  thus  the  fourth  column  was  formed. 

Thus,  if  we  follow  the  ordinary  rules,  we  get  rid  at  once  of  the 
most  complicated  and  valuable  part  of  soils,  viz.  the  nourishment 
which  they  contain  for  sustaining  vegetation:  and  in  this  respect  tbe 
common  modes  of  analysis  are  probably  the  most  deficient.  True, 
in  this  way,  we  get  the  quantity  of  vegetable  and  animal  matter 
which  a  soil  contains.  But  every  farmer  knows  that  bis  land  may 
abound  in  such  matter,  and  yet  be  almost  entirely  unproductive:  as 
for  instance,  if  it  be  filled  with  unchanged  peaty  matter  from  tbe 
swamps.  He  also  knows  that  a  field  may  contain  but  little  organic 
matter,  and  yet  be  very  productive,  although  soon  exhausted.  He 
knows,  likewise,  that  the  same  quantity  of  manure  on  different  fields 
will  render  the  soil  productive  on  some  of  them  much  longer  than  on 
others.  Hence  we  learn  that  the  most  important  point  in  this  part 
of  analysis  is  to  determine  in  what  state  the  organic  matter  is; 
whether  in  such  a  condition  that  it  will  at  once  afford  nourishment  to 
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vegetation,  or  not  until  it  has  undergone  a  chemical  change;  and 
whether  it  is  in  such  a  state  as  to  be  liable  to  be  dissipated  by  the 
common  action  of  moisture,  heat,  and  cold;  or  so  fixed  as  to  be  per- 
manent. Tet  the  methods  of  analysis  given  in  the  books,  furnish  no 
rules  for  deciding  these  points.  This  deficiency  however,  in  my 
opinion,  has  been  at  length  supplied  by  a  chemical  friend,  and  will 
be  exhibited  in  the  sequel. 

The  fourth  column  in  the  above  table  presents  one  fact  worthy  of 
notice.  It  seems  that  our  alluvial  soils,  although  deservedly  cele- 
brated, contain  less  of  organic  matter  than  almost  any  other  in  the 
State.  The  principles  above  suggested  explain  their  fertility  in 
consistency  with  this  fact:  but  it  shows  us,  if  I  mistake  not,  that 
such  soils,  if  not  constantly  supplied  with  manures,  either  by  the 
overflowing  of  rivers,  or  by  the  farmer,  will  be  sooner  exhausted 
than  almost  any  others. 

The  numbers  in  the  fifth  and  sixth  columns  were  obtained  in  the 
following  manner.  One  hundred  grains  of  the  soil  were  boiled  a 
short  time  in  a  glass  flask  in  water,  and  after  cooling,  this  was  agita- 
ted until  the  soil  was  all  diffused  through  the  water.  As  soon  as  the 
agitation  of  the  water  had  ceased,  it  was  poured  off  along  with  the 
finer  parts  of  the  soil  that  did  not  settle  at  once.  The  portion  that 
remained  usually  consisted  of  siliceous  sand,  while  that  which  was 
left  suspended  in  the  water,  was  much  more  aluminous,  and  consti- 
tuted the  finer  and  most  important  part  of  the  soil.  In  the  present 
instance,  this  deposite  is  in  larger  proportion  than  is  usual  in  analy- 
sis, because  it  wad  poured  ofl!*  immediately  after  the  agitation  had 
ceased,  under  an  impression  that  by  waiting  two  or  three  minutes, 
as  is  usual,  other  and  more  important  substances  than  silica  may  set- 
tle te  the  bottom  of  the  vessel.  Indeed,  I  found  this  to  be  the  case 
in  some  instances  when  the  light  matter  was  poured  off  immediately. 
Thus,  the  red  sandstone  soil,  No.  23,  from  Longmeadow,  gave  only 
14  grains  of  aluminous  matter,  and  79  grains  of  siliceous.  By  di- 
gestion in  acid,  the  14  grains  yielded  only  1 .3  gr.  of  alumina  and 
2.1  gr.  oxide  of  iron.  But  by  treating  the  79  grains  of  siliceous 
matter  in  the  same  way,  it  produced  7.5  grains  of  alumina  and  4 
grains  peroxide  of  iron.  Such  cases  teach  us  that  this  mechanical 
separation  of  the  siliceous  and  aluminous  matter  is  not  a  little  uncer- 
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tain:  although  in  general  it  must  be  confessed,  that  when  the  lighter 
part  was  poured  off  immediately,  the  remainder  was  clueflj  siliceous 
sand. 

It  is  not  the  object  of  this  process  however,  to  show  us  the  quan- 
tity of  silica  and  alumina  in  a  soil:  hut  rather  the  amount  of  finely 
divided  matter.  For  the  best  soils  are  found,  in  general,  to  abound 
in  such  matter:  although  it  may  become  excessive,  rendering  the  soil 
impervious  to  air  and  moisture.  This  is  a  principal  defect  in  highly 
argillaceous  soils.  But  from  the  preceding  table  it  appears,  in  my 
opinion,  that  the  soils  in  Massachusetts  are  b  general  too  coarse 
rather  than  too  fine.  Being  derived  chieOy  from  primitive  rocks, 
they  resist  comminution  and  decomposition  more  than  the  secondaiy 
rocks.  I  am  satis6ed  that  the  principal  excellence  of  our  alluvial 
soils  depends  more  upon  their  finely  divided  state  than  any  thing 
else:  for,  as  I  have  already  in  part  shown,  and  shall  show  farther  in 
the  sequel,  they  must  yield  in  value  in  some  important  respects,  to 
our  upland  soils.  Apd  even  as  to  their  fineness,  they  are  much 
coarser  than  many  of  the  rich  alluvia  of  the  Western  States;  though 
it  may  be  doubted  whether  for  most  crops  they  are  on  this  account 
the  less  valuable. 

The  term  salt,  in  chemistry,  has  a  much  more  extended  meaning 
than  in  popular  language.  Thus  common  limestone  (carbonate  of 
lime)  and  gypsum  (sulphate  of  lime)  are  properly  denominated  salts, 
as  is  also  phosphate  of  lime  and  chloride  of  calcium  (muriate  of  lime). 
All  compounds  of  any  acid  with  lime,  magnesia,  alumina,  potassa, 
soda,  &c.  or  of  chlorine  with  their  metallic  basis  are  salts:  and  some 
of  these  are  soluble  and  some  insoluble  in  water.  If  any  of  the  foi^ 
mer  exist  in  soils  therefore,  they  will  be  dissolved,  if  the  soil  he 
boiled  in  water*  And  if  afterwards  this  water  be  evaporated,  the 
salt  can  be  obtained  in  a  dry  state  and  weighed.  This  is  the  way 
in  wliich  column  seventli  was  filled.  Tests  were  ako  applied  to  the 
solutions,  in  order  to  ascertain  the  nature  of  these  salts.  Hydrocy- 
anate  of  potassa,  infusion  of  nutgalls,  the  chlorides  of  calcium  and 
magnesium,  and  the  carbonate  of  ammonia  and  phosphate  of  soda 
gave  no  precipitate  in  any  instance.  Hence  I  infer  the  absence  of 
iron  and  the  salts  of  magnesia.     But  nitrate  of  silver,  baryta  water. 
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nitrate  and  acetate  of  baryta,  and  oxalate  of  ammonia,  gave  precipi- 
tates more  or  less  abundant  in  every  instance  in  which  I  tried  them.  I 
hence  infer  the  presence  of  a  sulphate,  probably  the  sulphate  of  Ume, 
in  all  the  soils  of  Massachusetts  that  I  have  examined,  and  I  hai'c  no 
doubt  but  it  exists  in  every  one  of  our  soils.  The  quantity  given 
in  the  table,  is  probably  much  less  than  the  truth,  for  the  sulphate  of 
lime  is  but  slightly  soluble  in  water,  and  the  quantity  of  water  which 
I  employed,  was  too  small  to  dissolve  all  that  exists  in  100  grains  ; 
or  rather  200  grains,  which  was  the  quantity  usually  boiled.  It  was 
chiefly  to  ascertain  the  fact  of  its  existence  that  the  experiments 
were  performed  ;  since  I  had  adopted  a  better  methed  for  ascertain- 
ing its  quantity.  This  salt  exists,  also,  probably  in  nearly  all  the 
springs,  rivers,  and  ponds  in  the  state.  The  great  importance  of 
gypsum,  in  the  process  of  vegetation,  furnishes  a  reason  for  its  uni- 
versal diffusion. 

The  four  remaining  columns  of  the  table  exhibit  the  composition 
of  the  aluminous  deposite  in  the  sixth  column.  That  deposite  was 
boiled  two  or  three  hours  in  sulphuric,  or  hydrochloric  acid,  and 
the  alumina  and  iron  were  precipitated  together  by  carbonate  of  am- 
monia, and  afterwards  separated  by  hydrate  of  potassa.  The  portion 
remaining  undissolved  by  the  acid,  was  considered  as  silica.  This 
separation  of  alumina  and  iron  by  boiling  in  acid,  is  the  method 
directed  by  Sir  Humphrey  Davy  ;  yet  it  is  entirely  insufficient. 
The  greater  part  of  the  iron  is  probably  thus  separated  ;  but  not  so 
the  alumina.  Not  half  of  this  is  generally  taken  up  by  the  acid. 
The  true  and  effectual  way  of  doing  this  is  by  fusion  with  a  car- 
bonated alkali,  in  a  platinum  crucible.  In  this  way,  in  a  few  in- 
stances, I  treated  the  silica  that  remained  after  the  action  of  the 
acid,  and  obtained  the  following  results.  The  second  column  con- 
tains the  aluminous  deposite  from  water  to  be  examined  ;  the  third, 
the  alumina  separated  by  boiling  in  acid,  as  in  the  table  ;  the  fourth, 
the  alumina  obtained  by  the  process  with  carbonate  of  soda,  added 
to  that  by  acids ;  the  fifth,  the  remaining  silica  after  the  action  of 
acids ',  the  sixth,  the  silica  obtained  by  the  alkali ;  and  the  last,  the 
per  cent  of  alumina  in  the  aluminous  deposite. 
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No. 

Dttp<Mit«. 

Alumina 
Aeidt. 

Alumiaa 

by 

Alkali. 

1     mlie.     1 
AlkiH. 

Alomim 

3 

5a5 

a4 

17.6 

5L0 

37.5 

3ai 

V 

40 

44^ 

8.0 

1L8 

a7J} 

aa.7 

9&8 

J 

41 

38.1 

3.1 

9.4 

23.1 

16.8 

33.6 

1 

47 

19.5 

3.5 

6.3 

13i> 

lar 

32.3 

>30.9Meaii. 

58 

43;) 

S.8 

13^ 

32^ 

S5.9 

aas 

( 

89 

49.0 

6.7 

149 

88.9 

30.7 

30.4 

\ 

112 

99.3 

5.1 

la 

3L3 

23.0 

34.3 

/ 

The  small  difierences  in  the  last  column  of  the  above  table,  be- 
tween (he  alumina  per  cent,  in  the  different  specimens,  su^ested  the 
idea,  that  by  taking  the  mean  result  as  a  standard,  an  approximate 
estimate  of  the  real  quantity  of  alumina  and  silica,  in  all  the  alumiDous 
deposites  given  in  the  general  table,  might  be  obtained,  by  simply 
multiplying  those  deposites,  after  subtracting  the  amount  of  iron,  by 
that  mean.  In  this  way  were  the  tenth  and  elevenlh  columns  of  the 
general  table  obtained.  I  have  little  doubt  but  they  give  the  amount 
of  alumina  and  silica  in  the  finer  part  of  the  soils,  within  a  few  per 
cent,  and  accurately  enough  for  all  the  common  purposes  of  agricul- 
ture ;  although  this  is  not  a  very  scientific  way  of  obtaining  the 
results.  Nor  should  I  have  adopted  it,  had  time  permitted  me  to 
analyse  all  the  specimens  by  alkali,  in  the  dry  way, — ^the  only  way 
that  will  satisfy  the  chemist.  By  the  time  I  had  proceeded  thus  far 
in  the  analysis  which  1  am  describing,  I  became  quite  convinced 
that  to  obtain  the  exact  quantity  of  silica  and  alumina  in  a  soil,  is  a 
matter  of  very  little  importance  in  an  agricultural  point  of  view.  I 
know  that  a  soil  consisting  wholly  of  one  kind  of  earth,  will  be 
barren ;  yet  if  a  soil  be  finely  divided  it  may  consist  mostly  of  one 
sort  of  earth,  and  yet,  by  proper  cultivation,  be  rendered  fertile. 
The  proportions  of  silica  ^nd  alumina  may  vary  widely,  and  yet  the 
power  of  producing  plants  remain  essentially  the  same.  And  even 
where  a  soil  is  extremely  siliceous  or  aluminous,  some  modifications 
in  the  mode  of  treating  it  will  make  it  fertile.  It  hardly  needs  a 
chemical  analysis  to  teach  us  when  a  soil  is  siliceous  or  aluminous. 
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I  am  satisfied,  bowever,  that  the  agency  of  the  oxides  of  iron  in 
agriculture  has  been  underrated,  and  that  a  determmation  of  the 
precise  quantity  of  this  substance  which  exists  in  all  our  soils,  may 
be  important. 

These  yiews  are  confirmed  by  the  opinion  of  gentlemen  dis- 
tinguished for  their  accurate  and  practical  acquaintance  with  chem- 
istry. I  will  quote  here  only  the  opinion  of  A.  A.  Hayes,  Esq., 
of  Roxbury,  as  I  shall  soon  have  occasion  to  present,  in  another 
connection,  the  views  of  another  gentleman,  which,  as  well  as  those 
of  Mr  Hayes,  will  always  command  great  respect.  The  latter, 
speaking  of  the  earthy  composition  of  soils  in  general,  says,  ^'  I  do 
not  think  that  minute  analyses  of  the  earthy  constituents  of  soils, 
have  the  valuable  practical  bearing  which  careful  comparative  results 
possess.  With  a  fondness  for  observing  influences,  considered  as 
minute,  I  should  hesitate,  with  even  such  a  bias,  to  attribute  to 
chemical  composition,  so  far  as  the  earths  are  concerned,  observed 
qualities  in  soils  of  great  importance  to  cultivation  ;  and  am  now 
strongly  of  the  opinion,  that  those  examinations  which  you  propose 
making,  will  not  only  show  our  farmers  the  light  of  new  knowledge, 
but  confer  on  them  a  practical  benefit,  in  teaching  the  proper  modes 
of  improving  soils.  "* 

In  examining  the  table  of  analyses,  above  presented,  it  should  be 
recollected,  that  the  amount  of  alumina  given,  is  only  that  which 
exists  in  the  finely  divided  portion  of  the  soil  that  remained  suspend- 
ed in  water  after  agitation.  In  a  single  case,  which  I  have  already 
stated,  the  siliceous  residuum  was  found  to  contain  more  iron  and 
alumina  than  the  aluminous  part.  But  this  was  a  peculiar  case  ;  and 
in  general,  the  siliceous  deposite  contains  litde  but  siliceous  sand. 
Still,  where  it  contains  fragments  of  feldspar,  mica,  &c.,  analysis 
will  produce  alumina  and  iron,  although  they  must  be  in  such  a  state 
as  to  operate  upon  cultivation  just  like  siliceous  sand,  until  decompo- 
sition begins.  I  have  made  only  a  single  analysis  to  determine  the 
quantity  of  alumina  and  iron  in  100  grains  of  the  entire  soil ;  viz. 
No.  15,  a  tertiary  argiOaceous  soil  from  Plymouth.  I  should  expect 
in  this  specimen  that  both  these  ingredients  would  be  above  the  aver- 
age quantity  in  the  soils  of  the  State.     The  following  is  the  result. 

*  I  trust  BIr.  Hayes  will  excuse  the  liberty  I  have  here  taken  in  qaoting  from  a  private  letter. 
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Water  of  absorption          .        •        ;        .  3.7 

Organic  matter 6.0 

Oxide  of  iron 6.5 

Salts  soluble  in  water.  0.4 

Alumina 19.2 

Silica 65.2 

100 

The  degree  of  fineness  in  a  soil  is  undoubtedly  a  matter  of  much 
importance:  and  fortunately  the  means  of  determining  this  point  are 
within  the  reach  of  every  farmer,  in  the  manner  already  described. 
Since  silica  and  alumina  are  quite  inert  in  their  properties,  and  enter  but 
io  small  quantity  into  the  composition  of  plants,  it  is  probable  that  the 
one  may  to  a  great  extent  be  substituted  for  the  others  without  affect- 
ing the  vegetation,  provided  they  be  reduced  to  the  proper  degree  of 
fineness.  On  this  point  I  am  happy  to  quote  a  paragraph  from  Mr. 
Hayes,  in  which  he  gives  his  views  of  the  process  for  alumina  by 
Sir  Humphrey  Davy,  which  has  been  already  described. 

<^  The  process  of  Sir  Humphrey  Davy  for  dissolving  alumina  in 
sulphuric  acid,"  says  he,  ^^  is  by  no  means  exact.  It  was  his  inten- 
tion evidently,  to  dissolve  in  that  agent,  the  alumina  of  any  easily  de- 
composable mineral  existing  in  the  finer  parts  of  a  soil ;  and  in  this  appli- 
cation it  is  of  value.  Supposing  we  are  operating  on  a  white  clay  from 
Gay  Head.  Sulphuric  acid,  of  the  degree  of  1.30,  will  dissolve  at 
60^  F.  a  certain  small  portion  of  alumina  and  set  free  some  hydrate 
of  silica;  traces  of  potash  will  also  exist  in  the  fluid.  If  the  well  wash- 
ed residue,  be  boiled  for  two  hours  in  like  acid,  another  portion  of 
alumina  will  be  dissolved.  By  subsequently  mixing  the  residue  with 
concentrated  sulphuric  acid,  and  gradually  heating  the  mass  to  600^ 
F.  another  quantity  of  the  same  base  is  taken  up;  and  after  water  has 
removed  all  soluble  matter  the  basic  sulphate  of  alumina  will,  in  a 
few  weeks,  cause  the  residue  to  effloresce.  These  eflfects  are  all 
referable  to  the  state  of  aggregation  of  (he  particles,  not  only  as  re- 
gards fineness  of  powder,  but  permeability  of  structure.  In  soils  it  is 
probable  that  the  hydrates  of  the  earths,  as  such,  do  not  exist;  for  we 
find  always  that  a  relatively  electro-positive  body  appears  when  we 
dissolve  them.    As  the  influence  of  the  earths  is  most  important  to 
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▼egetatiOD,  in  supplying  the  iSuid  favorable  to  its  support,  may  not  the 
greater  or  less  degree  of  fineness  of  one  of  the  constituents  of  a  soil 
materially  change  its  nature?  The  process  of  absorption  and  reten- 
tion may  be  so  much  modified  by  comminution,  that  I  think  a  silico- 
ferruginous  soil  may  assume  the  characters  of  an  aluminous  soil  to  a 
certain  extent,  and  that  the  existence  of  a  due  proportion  of  finely  di- 
vided matter  is  of  more  consequence  than  is  its  composition." 

But  even  though  the  quantity  of  the  earthy  constituents  of  a  soil 
may  vary  considerably  without  affecting  its  fertility,  yet  this  isby  no 
means  the  case  with  its  other  constituents,  the  salts  and  organic  mat- 
ter. The  salts  especially,  admit  of  but  little  variation  without  pro- 
ducing sterility,  either  by  their  deficiency  or  excess;  and  hence  to 
determine  their  amount,  is  an  important  point  in  agricultural  chemis- 
try. And  the  differences  which  are  so  obvious  in  soils  derived  from 
different  rocks,  do  not  depend  entirely  upon  the  different  propor- 
tions of  the  earths  which  they  contain.  For  the  quantity  and  nature 
of  the  salts  resulting  from  the  decomposition  of  rocks  are  considera- 
bly different.  Thus,  we  should  expect  that  the  gneiss  and  granite 
soils  would  contain  a  larger  amount  than  usual  of  the  salts  of  potassa, 
and  where  sulphuret  of  iron  prevails,  of  the  salts  of  iron:  the  porphy- 
ry soils,  of  the  salts  of  soda:  the  graywacke  and  sandstone  soils,  of 
the  salts  of  lime,  magnesia  and  perhaps  potassa,  and  soda;  the  mica 
slate  soils,  of  the  salts  of  magnesia  and  potassa;  the  talcose  slate  soil,  of 
the  salts  of  magnesia:  or  perhaps  more  commonly  we  should  find  the 
lime  and  magnesia  uncombined  with  an  acid.  Such  differences  as 
these  in  the  constituents  of  soils,  will  unquestionably  affect  their 
fertility;  and  it  would  be  desirable  to  ascertain  how  far  they  exist  in 
the  soils  of  Massachusetts.  I  had  hoped  to  accomplish  this  object: 
but  it  will  require  a  great  number  of  delicate  and  accurate  analyses, 
demanding  far  more  time  than  has  yet  been  allowed  me.  As  will 
be  seen  in  the  sequel,  I  have  attempted  to  determine  the  amount  of 
the  salts  of  lime  in  all  the  soils  that  I  have  collected;  but  it  will  need 
comparative  trials  by  the  ordinary  modes  of  analysis,  before  the  pe- 
culiar characteristics  of  the  different  classes  of  our  soils  can  be  point- 
ed out;  and  besides,  I  have  made  no  aUempt  to  determine  the  ex* 
istence  and  amount  of  potassa  and  soda  in  my  specimens.  In  sev- 
eral of  the  analyses,  whose  results  are  given  in  the  preceding  general 
table,  I  determined  the  existence  and  amount  of  pure  lime:  but  the 
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resuht  appear  to  me  of  too  little  iraportaoce  to  pre  in  detail;  espe- 
cially as  I  shall  sood  give,  what  I  consider  more  iroportaot  results  of 
a  similar  character,  obtained  in  another  way.     It  is  worth  statiog, 
however,  that  in  all  cases  in  which  a  test  was  applied  to  the  solveot 
or  the  soib,  it  showed  the  presence  of  lime;  though,  as  has  been 
stated,  very  few  specimens  contained  any  of  the  carbonate  of  lime.    In 
nearly  every  case,  also,  I  found  magnesia  to  be  present.     In  the 
following  instances  I  determined  its  amount,  which,  it  will  be  seen, 
is  small,  and  probably,  therefore,  of  little  consequence  in  an  i^ctil- 
toral  point  of  view. 
No.  1.  Magnesia  per  cent  0.66,  alluvial  soil,  Deerfield. 
2.        «  " 

3-         "  « 

4.  ^'-  ^^ 

5.  "  " 

6.  "  " 

7.  «  " 

8.  "  " 

9.  "  *' 
10.  "  " 
44.         "  "        1.66  mognesian  limestone  soil,  New } 

Marlborough.         ) 

60.  «*  "        0.46  limestone  do,  Pittsfield. 

61.  "  "        0.76  "  Sheffield. 

108.  "  "  0.02  sienite  soil,  Gloucester. 

109.  "  **  0.01           "          Lexington. 
Ill-  "  «  0.05           «          Newbury. 
112.  «*  "  0.60          «          Dedham. 
120.  "  "  0.06  porphyry  soil,  Medford. 
122.  "  "  0.05           "          Lynn. 
124.  "  "  0.10  greenstone  soil,  Wobum. 
126.  "  «  0.40          "          Deerfield. 

The  last  column  in  the  general  table  of  results  contains  tbe  amount 
of  peroxide  of  iron  in  tbe  aluminous  deposite  of  the  soils.  It  is  less 
than  the  quantity  in  the  entire  soil:  because,  although  the  siliceous 
part  contains  less  than  the  aluminous,  it  is  seldom  if  ever  free  from 
this  metal.  Upon  the  whole,  the  soils  of  Massachusetts  contain  a 
rather  large  per  cent  of  iron. 


0.67 

(€ 

Northampton. 

0.01 

U 

Deerfield. 

0.01 

(C 

Northampton. 

0.15 

(« 

Northfield. 

0.16 

(C 

Northampton. 

0.01 

cc 

West  Springfield 

0.76 

(C 

Stockbridge. 

0.01 

<^ 

Hadley. 

0.06 

(( 

Sheffield. 
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As  to  the  effect  of  oxide  of  iron  upon  vegetation,  agricuhural 
chemists  seem  in  general  to  have  formed'no  definite  opinion:  though 
the  idea  seems  to  be  rather  prevalent  that  it  is  generally  deleterious. 
It  is  well  known  that  iron  exists  in  two  states  in  rocks;  that  of  the 
protoxide,  and  the  peroxide;  the  latter  containing  more  oxygen  than 
the  former.     And  Chaptal,  the  distinguished  French  chemist,  thinks 
that  some  of  his  experiments  prove,  that  the  protoxide  is  decidedly 
injurious  to  vegetation.     But  from  the  fact  that  the  green  sand  marl 
of  New  Jersey  and  Virginia,  which  is  operating  so  favorably  upon  the 
lands  of  those  States,  contains  a  large  proportion  of  protoxide  of 
iron^  Prof.  William  B.  Rogers  suggests  whether  its  fertilizing  effects 
may  not  proceed  in  part  from  the  alkaline  reaction  of  the  protoxide. 
I  shall  soon  present  some  facts  and  reasonings  on  this  subject  by 
another  able  chemist,  which  go  to  show,  that  iron,  in  passing  into  . 
the  state  of  peroxide,  exerts  a  very  favorable  effect  upon  the  nutri- 
ment in  soils:  and  that  when  in  the  state  of  peroxide,  its  effect  is 
good  as  a  general  fact.     In  general  the  iron  in  our  soils  is  already 
peroxidized,  though  not  always;  and  the  agricultural  character  of 
most  of  our  highly  ferruginous  soils,  as  for  instance  the  reddish  soils  in 
the  Brookfields,  in  Sturbridge,  Brimfield,  Wilbraham,  Longmeadow, 
West  Springfield,  &c.  confirms  the  opinion  that  iron,  although  it 
often  gives  a  meagre  aspect  to  the  fields,  is  yet,  in  moderate  quanti- 
ties, of  great  service.     This  we  might  presume  would  be  the  case, 
from  the  fact  that  it  is  found  in  nearly  all  plants  in  considerable 
quantity,  and  also  in  every  productive  soil.     As  however  this  opin* 
ion  will  probably  be  controverted,  it  may  not  be  irrelevant  to  say, 
that  Massachusetts  affords  in  many  parts,  fine  opportunities  for  set^ 
tling  the  question;  and  also  for  determining  in  what  state  and  pro- 
portion iron  is  best  adapted  for  agriculture. 

JV*et0  mtthod  of  analyring  Saib, 

Without  stopping  to  suggest  any  means  for  supplying  the  deficient 
cies  which  the  preceding  analyses  tiave  shown  in  our  soils,  I  proceed 
to  the  developement  of  a  new  method  of  analysis^  which  I  very  un- 
expectedly received  from  a  distinguished  chemical  friend,  and  which 
be  has  allowed  me  to  present  in  this  Report,  with  its  application  to 
our  soils.  It  is  the  invention  of  Dr.  Samuel  L.  Dana  of  Lowell;  t^ 
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whom,  as  will  appear  in  the  sequel,  I  am  indebted  for  other  important 
assistance  in  the  VfBy  of  analysis.  In  order  to  its  being  fully  under- 
stood  and  appreciated,  a  few  preliminary  statements  from  myself,  in 
addition  to  those  by  Dr.  Dana,  will  be  necessary. 

Till  within  a  few  years  past,  the  state  in  which  vegetable  and  ani- 
mal matter  exists  in  the  soil,  and  the  changes  through  which  it  passes, 
before  being  taken  up  by  the  roots  of  the  plant,  were  almost  entirely 
unknown  to  chemists.    Long  ago,  however,  Klaproth  had  discover- 
ed a  peculiar  substance  in  the  elm  tree,  which  he  denominated  ulmin» 
More  recently  it  was  found  by  Braconnot  in  starch,  saw-dust,  and 
sugffr;  and  by  the  distinguished  Swedish  chemist,  Berzelius,  in  all 
kinds  of  barks.     Sprengel,  and  Polydore  BouUay  have  ascertained, 
also,  that   it  constitutes  a  leading  principle  in  manures  and  soils. 
Hence  they  called  it  Humin;  but  Berzelius  adopts  the  name  of 
Geine,     When  wet,  it  is  a  gelatinous  mass,  which,  on  drying,  be- 
comes of  a  deep  brown  or  almost  black  color,  without  taste  or  smeD, 
and  insoluble  in  water;  and,  therefore,  in  this  state  incapable  of  being 
absorbed  by  the  roots  of  plants.     Yet  after  the  action  of  alkalis  upon 
it,  it  assumes  the  character  of  an  acid,  and  unites  with  ammonia,  po- 
tassa,  lime,  akimina,  &c.,  and  forms  a  class  of  bodies  called  Gtates^ 
most  of  which  are  soluble  in  water,  and  therefore  capable  of  being  ta* 
ken  up  by  plants.     And  it  is  in  the  state  of  geates,  that  this  substance 
for  the  most  part  exists  in  the  soil.     I  have  thought  it  might   at 
least  gratify  curiosity  and  perhaps  be  of  some  practical  use,  to  add 
specimens  of  these  forms  of  geine  to  the  collection  of  soils.    No. 
227  is  pure  geine:  No.  226  geate  of  potassa:  No.  226  geate  of  lime: 
No.  224  geate  of  alumina. 

It  is  but  Justice  to  say,  that  Dr.  Dana  derived  his  knowledge  of 
geine  chiefly  from  his  own  researches,  made  with  a  view  to  improve 
the  coloring  processes  in  the  Calico  Printing  Establishment,  at  Low- 
ell: and  his  method  of  analysing  soils  is  altogether  original.  The 
statements  of  Berzelius,  indeed,  though  interesting  in  a  theoretical 
point  of  view,  aflbrd  very  little  light .  to  the  practical  agriculturist. 
Those  of  Dr.  Dana  appear  to  me  to  be  far  more  important  in  a  sci- 
entiflc  as  well  as  practical  point  of  view^  although  essentially  coincid- 
ing with  those  European  chemists,  so  far  as  they  have  gone.  His 
method  of  analysis,  derived  from  his  researches,  I  must  say,  after 
having  made  extensive  application  of  it  to  our  soils,  is  simple  and  ele- 
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gant,  and  taken  in  connection  with  his  preliminary  remarks,  it  ap. 
pears  to  me  to  be  a  most  important  contribution  to  agricultural  chem- 
istry, and  promises  much  for  the  advancement  of  practical  agriculture. 
I  trust  it  will  be  favorably  received  by  the  government,  and  by  all  in- 
telligent men,  who  take  an  interest  in  the  subject*  His  preliminary 
remarks  and  rules  I  shall  now  present  in  his  own  language. 

^'  By  geiney"  says  he,  ^'  I  mean  all  the  decomposed  organic  matter 
of  the  soil.  It  results  chiefly  from  vegetable  decomposition;  animal 
substances  produce  a  similar  compound  containing  azote.  There  may 
be  undecomposed  vegetable  fibre  so  minutely  divided  as  to  pass 
through  the  sieve;  (see  first  step  in  the  rules  for  analysis)  but  as  one 
object  of  this  operation  is  to  free  the  soil  from  vegetable  fibre,  the  por- 
tion will  be  quite  inconsiderable.  It  can  effect  only  the  amount  of  in- 
soluble geine.  When  so  minutely  divided,  it  will  probably  pass  in- 
to geine  in  a  season's  cultivation.  Geine  exists  in  two  states:  soluble 
and  insoluble:  soluble  both  in  water  and  in  alkali,  in  alcohol  and 
acids.  The  immediate  result  of  recent  decomposition  of  vegetable 
fibre  is  abundantly  soluble  in  water.  It  is  what  is  called.  Solution  of 
Vegetable  Extract.  Air  converts  this  soluble  into  solid  geine,  still 
partially  soluble  in  watery  wholly  soluble  in  alkali.  Insoluble 
geine  is  the  result  of  the  decomposition  of  solid  geine;  but  this  insol- 
uble geine,  by  the  long  continued  action  of  air  and  moisture,  is  again 
so  altered  as  to  become  soluble.  It  is  speedily  converted  by  the 
action  of  lime  into  soluble  geine.  Soluble  geine  acts  neither  as  acid 
nor  alkali.  It  is  converted  into  a  substance  having  acid  properties  by 
the  action  of  alkali^  and  in  this  state  combines  with  earths,  alkalies, 
and  oxides,  forming  neutral  salts,  which  may  be  termed  geates. 
These  all  are  more  soluble  in  water  than  solid  geine;  especially  when 
they  are  first  formed.  Their  solubility  in  cold  water  is  as  follows: 
beginning  with  the  easiest,  magnesia — ^lime — manganese — peroxide 
of  iron— r(it  does  not  unite  with  the  protoxide  of  iron)  alumina — ^bary- 
ta. The  geates  of  the  alkaline  earths  are  decomposed  by  carbonated 
alkali.  The  geates  of  alumina  and  of  metallic  oxides  are  soluble  in 
caustic  or  carbonated  alkali  without  decomposition.  The  geates  of 
the  alkaline  earths,  by  the  action  of  the  carbonic  acid  of  the  air,  be- 
come super-geates^  always  more  soluble  than  neutral  salts.  Soluble 
geine,  therefore  includes  the  watery  solution — the  solid  extract  caus- 
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ed  by  the  action  of  air  on  the  aolutioni  and  the  combinations  of  ibis 
with  alkalies,  earths,  and  oxides.  Insoluabie  geine  includes  all  the 
other  forms  of  this  substance/' 

^^  Soluble  geine  is  the  food  of  plants.  Insoluble  geine  becomes 
food  by  air  and  moisture.  Hence  the  reason  and  result  of  till^e. 
Hence  the  reason  of  employing  pearlash  to  separate  soluble  and  insol- 
uble geine  in  analysis." 

*^  These  are  the  facts.  Will  they  not  lead  us  to  a  rational  account 
of  the  use  of  lime,  clay,  ashes  and  spent  ley?  Will  they  not  account 
for  the  superiority  of  unfermented  over  fermented  dung  in  some 
cases?" 

Dr.  Dana's  remarks  in  answer  to  these  inquiries  I  shall  omit  for 
the  present,  and  quote  the  remainder  of  his  remarks  preliminary  to  bis 
rules  for  analysis.  If  any  sentences  seem  to  be  somewhat  repetitious 
of  those  already  quoted,  it  is  suflkient  to  say,  that  they  were  commu« 
nicated  at  different  tiroes,  in  private  letters,  in  answer  to  inquiries 
which  I  had  made,  that  I  might  be  sure  not  to  mistake  bis  meaning. 
On  a  subject  so  new,  some  repetitions  are  not  undesirable. 

^^  Geine  forms  the  basis  of  all  the  nourishing  part  of  all  vegetable 
manures.  The  relations  of  soils  to  heat  and  moisture  depend  chiefly 
on  geine.  It  is  in  fact,  under  its  three  states  of  ^  vegeuible  extract, 
geine,  and  carbonaceous  mould,'  the  principle  which  gives  fertib'ty 
to  soils  long  after  the  action  of  common  manures  has  ceased.  In 
these  three  states  it  is  essentially  the  same.  The  experiments  of 
Saussure  have  long  ago  proved  that  air  and  moisture  convert  insolu*. 
ble  into  soluble  geine.  Of  all  the  problems  to  be  solved  by  agricul* 
tural  chemistry,  none  is  of  so  great  practical  importance  as  the 
determination  of  the  quantity  of  soluble  and  insoluble  geine  in  soils. 
This  is  a  question  of  much  higher  importance  than  the  nature  and 
proportions  of  the  earthy  constituents  and  soluble  salts  of  soils.  It 
lies  at  the  foundation  of  all  successful  cultivation.  Its  importance 
has  been  not  so  much  overlooked  as  undervalued.  Hence,  on  this 
point  the  least  light  has  been  reflected  from  the  labors  of  Davy  and 
Chaptal.  It  needs  but  a  glance  at  any  analysis  of  soils,  published  in 
the  books,  to  see  that  fertility  depends  not  on  the  proportion  of  the 
earthy  ingredients.  Among  the  few  facts,  best  established  in^chem- 
ical  agriculture,  are  these :  that  a  soil,  whose  earthy  part  is  com- 
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posed  wholly,  or  chiefly,  of  one  earth  ;  or  any  soil,  with  excess  of 
salts,  is  always  barren  ;  and  that  plants  grow  equally  well  in  all  soils, 
destitute  of  geine,  gp  to  the  period  of  fructification, — ^failing  of  geine, 
the  fruit  fails,  the  plants  die.  Earths,  and  salts,  and  geine,  consti- 
tute, then,  all  that  is  essential ;  and  soils  will  be  fertile,  in  pro- 
portion as  the  last  is  mixed  with  tlie  first.  The  earths  are  the 
plates,  the  salts  the  seasoning,  the  geine  the  food  of  plants.  The 
salts  can  be  varied  but  very  little  in  their  proportions,  without  injury. 
The  earths  admit  of  wide  variety  in  their  nature  and  proportions. 
I  would  resolve  all  into  ^granitic  sand  ;^  by  which  I  mean  the 
finely  divided,  almost  impalpable  mixture  of  the  detritus  of  granite, 
gneiss,  mica  slate,  sienite,  and  argillite  ;  the  last,  giving  by  analysis, 
a  compound  very  similar  to  the  former.  When  we  look  at  the 
analysis  of  vegetables,  we  find  these  inorganic  principles  constant 
constituents — silica,  lime,  magnesia,  oxide  of  iron,  potash,  soda, 
and  sulphuric  and  phosphoric  acids.  Hence  these  will  be  found 
constituents  of  all  soils.  The  phosphats  have  been  overlooked  from 
the  known  difiSculty  of  detecting  phosphoric  acid.  Phosphate  of 
lime  is  so  easily  soluble  when  combined  with  mucilage  or  gelatine, 
that  it  is  among  the  first  principles  of  soils  exhausted.  Doubtless 
the  good  effects,  the  lasting  effects,  of  bone  manure,  depend  more 
on  the  phosphat  of  lime,  than  on  its  animal  portion.  Though  the 
same  plants  growing  in  different  soils  are  found  to  yield  variable 
quantities  of  the  salts  and  earthy  compounds  ;  yet  I  believe,  that  ac- 
curate analysis  will  show,  that  similar  parts  of  the  same  species,  at 
the  same  age,  always  contain  the  inorganic  principles  above  named, 
when  grown  in  soils  arising  from  the  natural  decomposition  of  granite 
rocks.  These  inorganic  substances  will  be  found  not  only  in  con- 
stant quantity,  but  always  in  definite  proportion  to  the  vegetable 
portion  of  each  plant.  The  effect  of  cultivation  may  depend,  there- 
fore, much  more  on  the  introduction  of  salts  than  has  been  generally 
supposed.  The  saUs  introduce  new  breeds.  So  long  as  the  salts 
and  earths  exist  in  the  soil,  so  long  will  they  form  voltaic  batteries 
with  the  roots  of  growing  plants  ;  by  which,  the  'granitic  sand'  is 
decomposed  and  the  nascent  earths,  in  this  state  readily  soluble, 
are  taken  up  by  the  absorbents  of  the  roots,  always  a  living,  never 
a  mechanical  operation.   Hence  so  long  as  the  soil  is  granilicy  using 
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the  term  as  above  de6ned,  so  long  is  it  as  good  as  on  the  day  of 
its  deposition ;  salti  and  geine  may  vary,  and  must  be  modiSed 
by  cultivation.  The  universal  diffusion  of  granitic  diluvium  fvill 
always  afford  enough  of  the  earthy  ingredients.  The  fertile  charac* 
ter  of  soils,  I  presume,  will  not  be  found  dependent  on  any  particu- 
lar rock  formation  on  which  it  reposes.  Modified  they  may  be,  to 
a  certain  extent,  by  peculiar  formations  ;  but  all  our  granitic  rocks 
afford,  when  decomposed,  all  those  inorganic  principles  which  plants 
demand.  This  is  so  true,  that  on  this  point  the  farmer  already 
knows  all  that  chemistry  can  teach  him.  Clay  and  sand,  every  one 
knows  :  a  soil  too  sandy,  too  clayey,  may  be  modified  by  mixture, 
but  the  best  possible  mixture  does  not  give  fertility.  That  depends 
on  salts  and  geine.  If  these  views  are  correct,  the  few  properties 
of  geine  which  I  have  mentioned,  will  lead  us  at  once  to  a  simple 
and  accurate  mode  of  analysing  soils, — a  mode,  which  determines 
at  once  the  value  of  a  soil,  from  its  quantity  of  soluble  and  insoluble 
vegetable  nutriment, — a  mode,  requiring  no  array  of  apparatus,  nor 
delicate  experimental  tact, — one,  which  the  country  gentleman  may 
apply  with  very  great  accuracy  ;  and,  with  a  little  modification,  per- 
fectly within  the  reach  of  any  man  who  can  drive  a  team  or  hold  a 
plough." 

Rules  of  Analysis. 

1.  ^'  Sift  the  soil  through  a  fine  sieve.  Take  the  fine  part ;  bake 
it  just  up  to  browning  paper." 

2.  ''  Boil  100  grains  of  the  baked  soil,  with  50  grains  of  pearl 
ashes,  saleratus  or  carbonate  of  soda,  in  4  ounces  of  water,  for  half 
an  hour  ;  let  it  settle ;  decant  the  clear ;  wash  the  grounds  with 
4  ounces  boiling  water ;  throw  all  on  a  weighed  filter,  previously 
dried  at  the  same  temperature  as  was  the  soil,  (1)  ;  wash  till  color- 
less water  returns.  Mix  all  these  liquors.  It  is  a  brown  colored 
solution  of  all  the  soluble  geine.  All  sulphats  have  been  converted 
into  carbonates,  and  with  any  phosphats,  are  on  the  filter.  Dry 
therefore,  that,  with  its  contents,  at  the  same  heat  as  before.  Weigh 
— the  loss  is  soluble  geine*" 

3.  ^^  If  you  wish  to  examine  the  geine ;  precipitate  the  alkaline 
solution  with  excess  of  lime-water.     The  geate  of  lime  will  rapidly 
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subside,  and  if  lime-water  enough  has  been  added,  the  nitrous  liquor 
will  be  colorless.  Collect  the  geate  of  lime  on  a  filter ;  wash  with 
a  little  acetic  or  very  dilute  muriatic  acid,  and  you  have  geine  quite 
pure.     Dry  and  weigh." 

4.  ^^  Replace  on  a  funnel  the  filter  (2)  and  its  earthy  contents;  wash 
with  2  drams  muriatic  acid,  diluted  with  three  times  its  bulk  of  cold 
water.  Wash  till  tasteless.  The  carbonate  and  phosphate  of  lime 
will  be  dissolved  with  a  little  iron,  which  has  resulted  from  the  de- 
composition of  any  salts  of  iron,  beside  a  little  oxide  of  iron.  The 
alumina  will  be  scarcely  touched.  We  may  estimate  all  as  saUs  of 
lime.  Evaporate  the  muriatic  solution  to  dryness,  weigh  and  dis- 
solve in  boiling  water.  The  insoluble  will  be  phosphat  of  Kme» 
Weigh — the  loss  is  the  stUphate  of  litne ;  (I  make  no  allowance 
here  for  the  difference  in  atomic  weights  of  the  acids,  as  the  result 
is  of  no  consequence  in  this  analysis.)" 

5.  '^  The  earthy  residuum,  if  of  a  greyish  white  color,  contains  no 
insoluble  geine — test  it  by  burning  a  weighed  small  quantity  on  a  hot 
shovel — if  the  odor  of  burning  peat  is  given  off,  the  presence  of  in- 
soluble geine  is  indicated.  If  so,  calcine  the  earthy  residuum  and  its 
filter — ^the  loss  of  weight  will  give  the  insoluble  geine;  that  part 
which  air  and  moisture,  time  and  lime,  will  convert  into  soluble  vege- 
table food.  Any  error  here  will  be  due  to  the  loss  of  water  in  a  hy- 
drate, if  one  be  present,  but  these  exist  in  too  small  quantities  in 
^  granitic  sand,'  to  affect  the  result.  The  actual  weight  of  the  resi- 
duary mass  is  ^  granitic  sand.' 

^^The  clay,  mica,  quartz,  &c.  are  easily  distinguished.  If  your 
soil  is  calcareous,  which  may  be  easily  tested  by  acids;  then  before 
proceeding  to  this  analysis,  boil  100  grains  in  a  pint  of  water,  filter 
and  dry  as  before,  the  loss  of  weight  is  due  to  the  sulphate  of  lime^ 
even  the  sulphate  of  iron  may  be  so  considered;  for  the  ultimate  re- 
sult in  cultivation  is  to  convert  this  into  sulphate  of  lime." 

^^  Test  the  soil  with  muriatic  acid,  and  having  thus  removed  the 
lime,  proceed  as  before,  to  determine  the  geine  and  insoluble  vegeta- 
ble matter  "* 


*  In  applying  Dr.  Dana'i  rales  giTen  in  the  text,  to  the  toils  of  Massaebusctts,  I  foand  it 
necessary  to  adopt  some  method  of  carrying  forward  several  processes  together.  1  accord- 
ingly made  ten  compartments  upon  a  table,  each  provided  with  apparatus  for  filteiing  and 
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As  sooD  as  made  acqdainted  with  this  mode  of  analysis  it  appeared 
to  me  so  much  more  important  and  accurate  than  any  other  with  which 
I  was  conversant,  that  I  felt  determined,  if  possible,  to  apply  it  to 
at  least  a  part  of*  the  soils  of  Massachusetts;  and  by  extra  efforts,  I 
have  the  pleasure  of  presenting  in  the  following  table  the  results  of 
its  application  to  all  our  soils  which  I  have  collected;  and  I  shall  show 
hereafter,  similar  results  with  our  marls,  clays,  and  other  substances, 
to  which  this  method  can  be  applied. 

It  is  proper  to  add,  that  the  doctrines  of  Berzelius  and  other  chem- 
ists respecting  geine,  have  been  strenuously  opposed  by  M.  F.  V. 
Raspail,  a  French  chemist,  in  his  new  system  of  Organic  Cbemistfy, 
translated  by  Dr.  Henderson,  and  published  in  London  in  1834. 
He  denies  the  existence  of  any  such  proximate  principle  in  soils  as 
geine,  and  says,  *'  it  will  be  easy  to  see  that  all  these  phenomena 
(described  by  Bereelius  and  others)  apparently  so  varied,  which  have 
given  room  for  the  discovery  of  so  many  substances  analogous  in 
their  nature  to  ulmin,  are  essentially  nothing  but  a  developement  of 
carbon."  To  prove  this  -  position  he  enters  into  a  long  argument. 
This,  however,  did  not  convince  Berzelius  that  he  had  committed 
an  error;  but  he  was  led  rather  to  express  a  still  stronger  conviction 
of  the  truth  of  his  positions.  It  is  not  thought  proper  in  this  place 
to  enter  into  this  discussion.  But  it  has  occurred  to  me,  that  even 
if  Raspail  had  shown  that  geine  is  nothing  but  carbon,  it  can  hardly 
be  doubted  by  any  one  who  has  made  any  experiments  on  the  sub- 
ject,  that  in  all  its  forms  of  geine,  geic  acid,  and  geates,  it  is  soluble 
to  such  an  extent  as  to  be  capable  of  being  taken  up  by  the  roots  of 
plants;  and  if  so  it  is  not  of  much  importance  by  what  name  it  is  call* 
ed:  nor  will  it  affect  essentially  Dr.  Dana's  niles  of  analysis.  Ras- 
pail, however,  asserts  that  geine  is  never  actually  dissolved,  but  only 
suspended!  Plants,  be  conceives,  are  nourished  almost  entirely  by 
carbonic  acid;  and  in  following  out  his  views  on  this  point  he  is  led 
to  the  strange  conclusion — a  legitimate  one,  however,  from  his  pre- 


precipitations,  also  10  nambered  flasks,  10  evaporating  dishes,  and  a  piece  of  sheet 
iron  pierced  with  ten  holes,  for  receiving  the  same  number  of  crucibles.  I  provided,  also, 
a  sheet  iron  oven,  with  a  tin  bottom  large  enough  to  admit  10  filters,  arranged  in  proper  or- 
der, and  a  hole  in  the  top  to  admit  a  thermometer.  The  sand  bath  was  also  made  large 
enough  for  receiving  the  ten  flasks.  In  this  manner  I  was  able  to  conduct  ten  processes 
with  almost  as  great  facility  as  one  could  have  been  carried  forward  in  the  usual  waj. 
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mises  and  no  small  proof  that  they  are  erroneous — ^that,  ^^  possibly,  by 
arti6cially  supplying  to  the  plant,  the  carbonic  acid  which  is  necessa- 
ry to  its  growth,  the  use  of  any  kind  of  manure  may  be  dispensed 
with!  In  fact,  if  a  small  plant  be  reared  in  pure  sand,  taking  care 
to  water  it  frequently,  it  will  thrive  and  flower  without  difficulty."  As 
to  the  truth  of  this  statement,  here  made,  this  writer  will  probably  6nd 
but  few  chemists  at  this  day  who  will  agree  with  him.  They  will 
doubt  whether,  in  all  such  cases,  the  ^^  pure  sand"  or  the  water  em- 
ployed has  not  contained  minute  quantities  of  the  substances  found  in 
the  plant,  which  neither  pure  water  nor  pure  silica  can  supply.  Qr  if 
they  admit  that  the  plant  might  be  made  to  grow  till  the  time  of  flow- 
ering in  pure  sand;  they  will  deny  that  it  can  be  made  to  produce 
fruit  without  the  presence  of  geine.  At  any  rate  until  carbonic  acid 
can  be  artificially  supplied  to  plants,  which  even  Raspail,  would 
DOt  suppose  can  ever  be  done  on  such  a  scale  as  to  supersede  the 
necessity  of  manures,  decomposed  organic  matter  must  be  essential  in 
cultivation;  and  to  ascertain  the  amount  and  condition  of  this,  is  one 
great  object  of  Dr.  Dana's  rules  of  analysis:  nor  will  their  value  be 
the  less,  because  chemists  are  not  entirely  agreed  as  to  the  nature  of 
the  nutritive  principle,  and  because  we  have  some  things  yet  to  learn 
respecting  geine.* 

*  Some  valuable  and  interesting  stalements  respecting  geine,  majr  be  foood  in  the  "Fen- 
ny Cyclopedia,"  Article,  AraUe  Land ;  also  in  the  Edinbuigfa  ^arterly  Journal  of  Agri- 
culture. 
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ExplanaHon  of  the  preceding  TabU  of  Results  uith  Remarks  and 

Inferences. 

The  first  and  second  columns  need  no  explaoatjon  :  and  the  cbar* 
acter  of  the  third  and  fourth  will  be  fully  understood,  after  reading 
the  remarks  of  Dr.  Dana  that  precede  the  Table.  They  show  us 
the  amount  of  nutriment  in  the  soils  of  Massachusetts ;  also  bow 
much  of  it  IS  in  a  fit  state  to  be  absorbed  by  plants,  and  how  much 
of  it  will  need  further  preparation.  As  this  is  probabl}''  the  first  at- 
tempt that  has  been  made  to  obtain  the  amount  of  geine  in  any  con- 
siderable number  of  soils,  we  cannot  compare  the  results  with  those 
obtained  io  other  places.  They  will  be  convenient,  however,  for 
comparison  with  future  analysis  ;  and  we  learn  from  them,  tliat  geine, 
in  both  its  forms,  abounds  in  the  soils  of  the  state,  and  that  it  most 
abounds  where  most  attention  has  been  paid  to  cultivation.  It  ought 
to  be  recollected,  that  I  took  care  not  to  select  the  richest  or  the 
poorest  portions  of  our  soils  ;  so  that  the  geine  in  this  table  is  proba- 
bly about  the  average  quantity.  It  is  hardly  probable  that  the  num- 
ber of  specimens  analysed  from  the  different  varieties  of  our  soils  is 
sufficiently  large  to  enable  us  to  form  a  very  decided  opinion  as  to 
their  comparative  fertility,  especially  when  we  recollect  how  'much 
more  thorough  is  the  cultivation  in  some  parts  of  the  state  than  in 
others.  It  may  be  well,  however,  to  state  the  average  quantity  of 
geine  in  the  different  geological  varieties  of  our  soils,  which  is  as  follows: 


Alluvium, 

Soluble  Gevie. 

2.25     - 

Insoluble  Geioe, 

-    2.15 

'Tertiary  argillaceous 
Sandstone 

soils, 
do. 

3.94 

3.28 

- 

5.22 
2.J4 

Graywacke 
Argillaceous  slate 

do. 
do. 

3.60 
6,77 

- 

- 

4.00 
4.53 

Limestone, 

do. 

3.40 

• 

- 

4.04 

Mica  skite 

do. 

4.34 

- 

f60 

Talcose  slate 

do. 

3,67 

- 

- 

4.60 

Gneiss 

do. 

4.30 

- 

3.40 

Granhe 

do. 

4.05 

. 

- 

3.87 

Sienite 

do. 

4.40 

- 

4.50 

Porphyry 

Greenstone 

do. 
do. 

5.97 
4.56 

• 

. 

4.10 
6.10 
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One  fact  observable  Id  the  above  results  may  throw  doubts  over 
the  fuudamenul  principles  that  have  been  advanced  respecting  geine ; 
viz.,  tliat  it  constitutes  the  food  of  plants,  and  that  they  cannot  floor- 
isb  without  it.  It  appears  that  our  best  alluvial  soils  contain  less  geine, 
in  both  its  forms,  than  any  other  variety,  except  those  very  sandy 
ones  that  are  not  noticed  in  the  above  results,  because  their  number 
is  so  small.  Ought  we  hence  to  infer  that  alluvium  is  a  poor  soil  ? 
I  apprehend  that  we  can  infer  nothing  from  this  fact  against  alluvial 
soils,  except  that  they  are  sooner  exhausted  than  others,  without 
constant  supplies  of  geine.  For  if  a  soil  contain  enough  of  this  sub- 
stance abundant/y  to  supply  a  crop  that  is  growing  upon  it,  that  crop 
may  be  large  although  there  is  not  enough  geine  to  produce  another. 
Now  analysis  shows  that  our  alluvial  soils  contain  enough  of  geine  for 
any  one  crop :  and  I  apprehend  that  their  chief  excellence  consists 
in  being  of  such  a  degree  of  fineness  that  they  allow  air,  moisture, 
and  lime,  rapidly  to  convert  vegetable  matter  into  soluble  geine,  and 
yield  it  up  readily  to  the  roots  of  plants  :  but  I  presume  that  without 
fresh  supplies  of  manure,  they  would  not  continue  to  produce  as  long 
as  most  of  the  other  soils  in  the  state.  A  considerable  part  of  our 
alluvia  are  yearly  recruited  by  a  fresh  deposite  of  mud,  which  almost 
always  contains  a  quantity  of  geine  and  of  the  salts  of  lime,  in  a  fine 
condition  for  being  absorbed  by  the  rootlets  of  plants.  And  on  other 
parts  of  alluvial  tracts,  our  farmers,  I  believe,  are  in  the  habit  of  ex- 
pecting but  a  poor  crop  unless  they  manure  it  yearly.  Yet  so  finely 
constituted  are  these  soils,  that  even  if  exhausted,  they  are  more 
easily  restored  than  most  others ;  so  that  taking  all  things  into  tbe 
account,  they  are  among  the  most  valuable  of  our  soils  ;  and  yet  I 
doubt  whether  they  produce  as  much  at  one  crop  as  many  other 
soils ;  though  the  others  perhaps  require  more  labor  in  cultivation. 

The  amount  of  soluble  and  insoluble  geine  obtained  by  Dr.  Dana's 
method  of  analysis,  ought  to  correspond  pretty  nearly  with  the  amount 
of  organic  matter  obtained  by  the  old  method ;  and  by  comparing  tbe 
two  tables  of  results  that  have  been  given,  it  will  be  seen  that  such  is 
the  fact.  Several  circumstances,  however,  besides  errors  of  analy- 
sis, will  prevent  a  perfect  agreement.  In  the  first  place,  by  the  old 
method  of  analysis,  100  grains  of  the  soil  are  weighed  before  expell- 
ing the  water  of  absorption  ;  but  by  tbe  new  method,  not  until  after 
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its  ezpdsioo.  Again,  hj  the  old  method  only  the  very  coarse  parts 
of  the  soil  are  separated  by  the  sieve  :  but  a  fine  sieve  is  used  by  the 
new  mode,  and  this  removes  nearly  all  the  vegetable  fibre,  which  by 
the  other  method  is  reckoned  a  part  of  the  organic  matter.  Other 
causes  of  difference  might  be  named :  and  hence  we  ought  not  to 
expect  a  perfect  ^eement  in  the  results  of  the  two  methods. 

The  three  next  columns  in  the  Table  contain  the  salts  of  lime  in 
our  soils.  I  have  already  described  the  infrequency  of  the  carbonate ; 
but  very  different  is  the  case  with  the  sulphate  and  the  phosphate 
which  were  found  in  greater  or  less  quantity,  in  every  soil  analysed. 
In  respect  to  the  sulphate  of  lime,  or  gypsum,  it  may  not  be  unex- 
pected that  we  should  find  it  in  all  soils,  since  we  know  it  to  occur 
in  all  natural  waters  throughout  the  state ;  and  we  cannpt  conceive  of 
any  other  source  from  which  the  water  could  have  derived  it,  except 
the  soil.  But  the  phosphate  of  lime  has  generally  been  supposed  to 
be  much  more  limited,  nay  to  be  scarcely  found  in  soils,  except 
where  animal  substances  have  been  used  for  manure.  It  is  possible 
that  in  all  the  soils  which  I  have  analysed,  such  might  have  been  its 
origin,  though  not  very  probable.  Tet  there  is  strong  reason  to 
believe,  that  this  salt  is  a  constituent  of  all  soils  in  their  natural  state. 
The  arguments  on  this  subject  are  stated  so  ably  by  Dr.  Dana  that 
I  need  only  quote  from  his  letter. 

"  When  we  consider  that  the  bones  of  all  graminivorous  animak 
contain  nearly  50  per  cent  of  phosphate  of  lime,  we  might  be  at  liberty 
to  infer  the  existence  of  this  principle,  in  the  food,  and,  consequent- 
ly, in  the  soil,  on  which  these  animals  graze.  If  we  look  at  the  ac- 
tual result  of  the  analysis  of  beets,  carrots,  beans,  peas,  potatoes,  as- 
paragus, and  cabbage,  we  find  phosphate  of  lime,  magnesia,  and  pot- 
ash, varying  from  0.04  to  1.00  p^r  cent  of  the  vegetable.  Indian 
com  too,  by  the  analysis  of  the  late  Professor  Gorhgm,  of  Harvard 
College,  contains  1.5  per  cent  phosphate  and  sulphate  of  lime.  It 
may  be  said  that  this  is  all  derived  from  the  manure.  We  shall  see 
by  and  by.  Let  us  look  at  the  extensive  crops  often  raised,  where 
man  has  never  manured.  Rice,  wheat,  barley,  rye,  and  oats,  all 
contain  notable  portions  of  phosphate  of  lime,  not  only  in  the  grain 
but  in  the  straw,  and  often  in  the  state  of  superpbospbats.  The 
dUecues  too,  trgot  and  smut^  show  free  phosphoric  acid.  Can  it  be 
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that,  owing  to  certain  electrical  influences  of  the  air,  ro  jNUticiikr 
seasons,  lime  is  not  secreted  by  tbe  plant  to  neutralise  the  free 
acid  ?    May  not  this  be  a  cause  of  smut  and  ergot  ?    Does  it  not 
point  out  a  remedy  ?     Take  too  the  cotton  crop  of  our  countrj. 
What  vast  quantities  of  phospbats  do  we  thus  annually  draw  from  tbe 
soil  ?    Cotton  gives  one  per  cent  ashes,  of  which  17  per  cent  is 
composed  of  phospbat  of  lime  and  magnesia.     The  like  is  true  of  to- 
baccp.     It  contains  0. 1 6  per  cent  of  phospbat  of  lime.     If  we  turn  to 
the  analysis  of  forest  trees,  we  find  that  the  pollen  of  the  pintts  oMes, 
wafted  about  in  clouds,  is  composed  of  3  per  cent  pliospbat  of  lime 
and  potash.     May  not  this  too  be  one  of  nature's  beautiful  modes 
of  supplying  phosphoric  acid  to  plants  and  to  soils  ?    If,  as  tbe  hte 
experiments  of  Peschier  have  proved,  sulphat  of  lime,  in  powder,  is 
decomposed  by  growing  leaves,  the  lime  liberated,  and  tbe  sulphuric 
acid  combining  with  the  potash  in  the  plant,  why  may  not  pbosphat 
of  lime,  applied  by  pollen^  act  in  the  same  way  ?    At  any  rale,  the 
existence  of  phospbat  of  lime  in  our  forest  soils  is  proved  not  only 
by  its  existence  in  the  pollen,  but  by  its  actual  detection  in  tbe  ashes 
of  pines  and  other  trees. — 100  parts  of  the  ashes  of  wood  of  pinm$ 
abies  give  .3  per  cent  phos.  iron  ;  100  parts  of  the  ashes  of  tbe  coal 
ofpinus  tyhestris  give  1.72  phos.  lime,  0.25  phos.  iron  ;  100  parts 
of  ashes  of  oak  coal  give  7.1  phos.  lime,  3.7  phos.  iron ; 
100  ashes  of  Bass  wood  5.4         '«         3.2         <« 
"       "         Birch  7.3         "  1.25       « 

«       "         Oak  wood    1.8         "        ' 
"       "         Alder  coal   3.45       *<         9.  " 

^^  These  are  the  calculated  results  from  Berthier's  very  accurate  an- 
alyses, and  thosa  very  curious  crystals— detected  in  some  plants — 
the  "  raphidtB*^  of  DeCandolle,  are  some  of  them  bibasic  phospbats 
of  lime  and  magnesia.  Phospbat  of  iron,  we  know,  is  common  in 
turf ;  bog  ore,  and  some  barren  and  acid  soils  owe  their  acidity  to 
/ree  phosphoric  acid.  If  we  allow  that  our  untouched  forest  soil 
contains  phospbat  of  lime,  it  may  be  said,  that  this,  being  in  small 
quantity,  will  be  soon  exhausted  by  cultivation,  and  that  the  phos* 
phats,  which  we  now  find  in  cultivated  fields,  rescued  from  the  forest, 
s  due  to  our  manure ; — I  give  you  the  general  result  of  my  analysis 
of  cow  dung^  as  the  best  argument  in  reply.     My  situation  and  duties 
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have  led  me  to  this  analysis.  I  give  you  it,  in  such  terms  as  the 
farmer  may  comprehend  :  water,  83.60;  hay,  14.;  biliary  matter, 
(bile  resin,  bile  fat  and  green  resin  of  hay,)  1.275  ;  geine  combined 
with  potash,  (vegetable  extract,)  0.95  ;  albumen,  0.175." 

^^  The  bay  is  little  more  altered  than  by  chewing.  The  albumen  has 
disappeared,  but  its  green  resin,  wax,  sulphat  and  phosphat  lime 
remain,  and  when  we  take  100  parts  of  dung,  among  its  earthy  salts 
we  get  about  0.23  parts  phosphat,  O.J 2  carbonat,  and  0.12  sulphat 
of  lime.  Now,  a  bushel  of  green  dung  as  evacuated  weighs  about 
87,5  lbs.  Of  this  only  2.40  per  cent  are  soluble.  Of  this  portion 
only  0.95  can  be  considered  as  soluble  geine." 

Western  Soik. 

In  addition  to  the  preceding  arguments  respecting  the  existence  of 
phosphate  of  lime  in  the  soils,  I  would  state  that  I  found  it  in  every 
analysis  which  I  have  made  of  the  Berkshire  marls,  the  results  of 
which  I  shall  soon  present.  I  have  also  recently  analysed  five  spe- 
cimens of  soils  from  Ohio  and  Illinois,  presented  to  me  by  H.  6. 
Bowers,  Esq.,  formerly  of  Northampton,  in  this  state,  and  now  resi- 
dent in  Illinois.  They  were  taken  from  some  of  the  most  productive 
spots  in  those  states,  and,  in  regard  to  some  of  them,  it  is  certain,  that 
no  animal  or  any  other  manure  has  ever  been  applied  by  man,  and  at 
least  one  of  them  seems  not  to  have  been  cultivated,  so  far  as  I 
can  judge  from  its  appearance.  Yet  all  these  soils  contain  phosphate 
of  lime.  The  following  are  the  results  of  their  analysis  ;  which  I 
give,  partly  because  of  the  subject  under  consideration,  and  partly 
because  I  thought  it  might  be  gratifying  to  compare  the  composition 
of  some  of  the  best  soils  at  the  west  with  those  in  Massachusetts. 
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The  above  soils  are  evidently  of  the  very  first  quality  :  the  getne 
being  in  large  proportion,  and  the  salts  quite  abundant  enough,  while 
there  is  still  a  small  supply  of  carbonate  of  lime  to  convert  more  in- 
soluble into  soluble  geine,  whenever  occasion  demands.  StiO,  if  we 
compare  the  preceding  analyses  with  some  of  those  that  have  beeo 
given  of  the  Massachusetts  soils,  the  superiority  of  the  western  soib 
will  not  appear  as  great  as  is  generally  supposed.  And  there  is  one 
consideration  resulting  from  the  facts  that  have  been  stated  re- 
specting geine,  that  ought  to  be  well  considered  by  those  who  are 
anxious  to  leave  the  soil  of  New  England  that  they  may  find  a  more 
fertile  spot  in  the  West.  Such  soils  they  can  undoubtedly  find  ;  for 
geine  has  been  for  ages  accumulating  from  the  decomposition  of  veg- 
etation in  regions  which  have  not  been  cultivated  :  and  for  many 
years,  perhaps,  those  regions  will  produce  spontaneously.  But  al- 
most as  certain  as  any  future  event  can  be,  continued  cultivation  will 
exhaust  the  geine  and  the  salts,  and  other  generations  must  resort  to 
the  same  means  for  keeping  their  lands  in  a  fertile  condition  as  are 
now  employed  in  Massachusetts,  viz.,  to  provide  for  the  yearly  sup- 
ply of  more  geine  and  more  salts. 

Imporianct  of  the  Salts  of  lime. 

To  return  from  this  digression,  I  apprehend  that  the  importance 
of  the  salts  of  lime  in  a  soil  is  but  little  appreciated  by  farmers  in 
general.  Their  crops  may  fail,  although  they  have  manured  and 
tended  them  well ;  but  it  is  almost  always  easy  to  find  a  cause  that 
satisfies,  in  the  character  of  the  season  ;  but  hard  to  convince  them 
that  the  failure  may  have  been  owing  to  the  deficiency  of  a  sipgle 
grain  in  a  hundred,  of  some  substance,  that  can  be  discovered  when 
present^  only  by  chemical  examination.  And  yet,  I  doubt  not  many 
a  crop  has  failed  from  the  want  of  that  one  per  cent  of  sulphate  or 
phosphate  of  lime.  Facts,  indeed,  seem  to  me  to  warrant  the  con- 
clusion, that,  without  lime  in  some  form,  land  will  not  produce  any 
valuable  vegetation. 
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Graniixe  Sand. 

The  eighth  column  contains  the  granitic  sand  in  our  soils,  accord- 
ing to  Dr.  Dana's  de6nition.  Its  amount  is  obtained  by  subtracting 
the  amount  of  the  geine  and  salts  of  lime  from  100.  No  notice  is 
taken  in  this  case  of  the  water  of  absorption,  because  the  100  grains 
operated  upon  were  not  weighed  out  till  that  water  had  been  driven  off. 

This  granitic  sand  consists  of  all  the  earthy  and  metallic  ingredients 
of  the  soil  except  lime,  which  has  been  separated  by  the  process. 
But  concerning  the  nature  and  uses  of  the  earthy  part  of  a  soil, 
enough  has  already  been  said. 

Potper  of  the  Soib  to  absorb  Water. 

It  is  generally  known,  that  soils  possess  the  power  of  absorbing 
moisture  in  different  degrees.  This  power  depends  more  upon  the 
geine  of  soils,  than  any  other  principle.  Alumina  stands  next  on  the 
list  in  its  degree  of  absorbing  power ;  next,  carbonate  of  lime  ;  and 
least  of  all,  silica.  Hence  there  ought  to  be  a  general  correspondence 
between  the  absorbing  power  of  a  soil  and  its  fertility  ;  and,  there- 
fore, this  property  affords  some  assistance  in  estimating  the  value  of 
a  soil.  On  this  account  I  was  desirous  to  get  the  power  of  absorp- 
tion possessed  by  the  soils  of  Massachusetts.  100  grains  were  heated 
to  300^  F.  and  then  exposed  on  a  small  earthen  plate  for  24  hours, 
in  a  cellar,  whose  temperature  remained  nearly  the  same  from  day  to 
day.  The  thermometer  stood  in  it  at  37^  F. ;  and  the  dew  pointy 
by  Daniell's  Hygrometer,  was  33^  F,  At  the  end  of  24  hours,  the 
soils  in  the  plates  were  again  weighed,  and  the  number  of  grains 
which  they  had  gained  was  put  into  the  ninth  column.  For  the  sake 
of  showing  at  a  glance  the  absorbing  power,  it  is  expressed  in  the 
tenth  column  by  proportional  numbers ;  5  grains  absorbed,  being 
equal  to  100. 

I  find  the  winter  to  be  a  most  unfavorable  time  for  experiments  of 
this  sort ;  and  I  place  but  little  reliance  upon  the  results  which  I 
have  obtained.  As  the  experiments  were  performed,  however,  with 
a  good  deal  of  care,  I  thought  it  best  to  give  them,  after  suting  all 
the  circumstances  under  which  they  were  made. 
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Power  of  Soili  to  rttain  Water. 


Still  more  unfavorable  is  the  season  of  winter  for  experiments  up- 
on the  power  of  soils  to  retain  water ;  a  power  which  is  by  no  means 
always  proportional  to  their  absorbing  power.  I  did,  however,  at- 
tempt to  perform  experiments  of  this  sort,  by  adding  100  grains  of  wa- 
ter to  300  grains  of  soil  upon  broad  earthen  plates,  and  exposing  them 
to  the  sun  in  a  clear  day,  for  three  hours.  As  it  was  impossible, 
however,  to  go  through  with  all  the  soib  in  one  day  in  this  manner, 
the  results  on  different  days  cannot  be  compared  ;  because  evapora- 
tion is  very  different  upon  different  days,  even  though  the  air  be 
clear,  and  the  wind  westerly,  and  the  temperature  nearly  the  same  ; 
which  were  the  circumstances  under  which  the  experiments  were 
performed.  I  will  give  here,  however,  some  of  the  results  obuined 
by  this  process  ;  altboi^b  I  cannot  see  that  they  are  of  much  impor- 
tance. 200  grains  of  soil,  with  100  grains  of  water,  lost,  in  three 
hours,  as  follows  : 
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/anttory  I6tk.  Ftbruary  SSi. 

No.  of  Sou.  NcoTSoO. 

101  lost          76.7  gr.   55  lost  57.5  gr. 

104  "           80.3     58  "  58.0 

106  "           83.6     61  «  66.5 

108  "           85.4     62  "  63.0 

64  ''  66.0 

January  23d.                     66  ^*  68.0 

11  "           59.7     68  "  65.0 

12  "  58.2  69  **  62.0 
14  **  64.7  73  **  63.5 
22  "           53.8     74  "  65.0 

28  "           53.9     75  "  55.9 

33  "           52.0     76  "  64.9 

34  "  ,  59.4  78  "  57.3 
39  "  57-8  80  "  64-7 
42  "  55.2  81  "  55.0 
46  *'  52.5  82  "  64.7 
48  "           54.5     83  *'  57.0 

84  "      .  58.9 

February  iOth.                  85     «'  54.3 

9     "                          55.0            86     "  55.3 

10     "                          51.5            88     "  70.1 

13  "  57.0  91  "  74.3 
17  *«  69.3  92  "  65.6 
19     "                          57.0            95     *'  77.3 

29  "  60.0  97  "  64.0 
32     "                           55.5            99     "  62.0 

35  "                          57.5           100     "  53.0 

37  "                          63.0           102     '*  66.0 

38  "  55.0  103  '«  60.0 
52    ''                          61.5           105     '«  60.0 

Specific  GraoiHee. 

The  weight  of  the  diffierent  soils,  compared  with  ooe  another  and 
with  water,  is  given  io  the  hst  cduaia  of  the  table.    As  a  general 
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fact,  it  will  be  seen  that  the  most  sandy  soils  are  the  heaFiest,  and 
those  conuioing  the  most  geine,  the  lightest.  This  character,  bow- 
OFer,  is  not  of  very  great  importance.  Pure  water  is  here  con- 
sidered as  the  standard,  or  as  unity  ;  and  the  numbers  in  the  table 
show  how  much  heavier  the  soils  are  than  water. 

Oeneral  Canelusions. 

Without  stopping  to  notice  some  things  of  minor  importance,  I 
will  state  at  once  the  most  important  conclusions  that  have  forced 
themselves  upon  my  mind,  from  all  my  examinations  and  analyses 
of  our  soils,  respecting  their  deficiencies  and  the  means  of  remedy- 
ing them. 

Flr$ty  the  grand  detideratum  in  our  ioils  is  eakanaut  maUer ; 
that  if,  carbonate  ofUme. 

The  second  derideratum  i$  an  additional  quantity  of  geine  ;  that 
it,  a  larger  iupply  of  the  food  of  plants. 

Henee^  thirdly ^  the  great  object  of  the  agrietdtural  chemist  should 
fre,  to  discover  and  bring  to  light  novo  supplies  of  both  these  sulh- 
etances. 

The  discovery  of  either  of  them  would,  indeed,  be  of  no  small 
value  ;  but  it  is  a  principle  that  ought  never  to  be  lost  sight  of,  that 
an  additional  quantity  of  lime  in  the  soil,  will  commonly  require  an 
additional  quantity  of  oi^anic  mattery  and  an  increase  of  the  latter, 
will  be  far  more  serviceable,  if  attended  by  an  increase  of  the  former. 

These  fundamental  principles  and  conclusions  I  have  kept  in  view 
continually ;  and  will  now  proceed  to  show  with  what  success  I 
have  searched  for  new  sources  of  lime  and  of  geine.  I  shall  begin 
with  the  former  as  the  most  important,  because  the  farmer  already 
possesses  the  means  of  increasing  the  quantity  of  his  manure,  but 
not  of  obtaining  calcareous  matter ;  for,  with  the  exception  of  Berk- 
shire county,  Massachusetts  is  very  deficient  in  limestone. 

2.  Marls. 

No  form  of  calcareous  matter  is  so  valuable  in  agriculture  as  rich 
marl.      This  term,  however,  has  been  till  recently  very  loosely 
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applied  ;  often  tneaning  nothing  more  than  loose  claj,  entirely  desti- 
tute of  lime.  But  all  accurate  writers  now  understand  it  to  mean 
a  friable  mixture  of  lime  and  clay ;  although  the  term  is  extended 
to  beds  of  calcareous  shelb  that  are  somewhat  hard.  Till  within  a 
few  years,  this  substance  has  been  neglected  in  our  country  ;  but 
its  remarkable  effects  in  some  of  our  middle  and  southern  states, 
have  awakened  the  public  attention  ;  and  it  is  now  sought  after  with 
no  small  avidity.  From  the  nature  of  our  rocks,  I  had  no  hope  of 
finding  rich  marls  in  any  other  part  of  the  state  except  the  County 
of  Berkshire.  From  that  part  of  the  sute,  many  years  ago,  I  had 
seen  a,  specimen  that  appeared  very  rich.  I  prepared  therefore  to  go 
in  search  of  the  bed  from  which  it  was  taken  ;  and  by  the  directions 
of  Professor  Dewey,  I  found  it  in  Pittsfield,  near  the  east  part  of  the 
village,  on  the  borders  and  in  the  bottom  of  a  pond  covering  several 
acres.  It  seemed  to  me  very  probable  that  similar  beds  must  occur 
in  other  parts  of  that  county  where  limestone  prevails.  My  search 
was  soon  rewarded  by  the  discovery  of  an  extensive  bed  in  the 
northwest  part  of  Stockbridge  on  land  of  Mr.  Buck  ;  whose  thick* 
ness  was  about  two  and  a  half  feet,  and  probable  extent,  very  great. 
Also  a  second  bed  in  the  same  town,  only  four  miles  from  the  court* 
house  in  Lenox.  Also  a  third  bed  in  the  north-east  part  of  Lee,  at 
the  Milk  of  Sedgwick  and  Co.,  the  thickness  of  which,  in  some 
places,  is  about  ten  feet;  though  its  extent  is  but  a  few  acres. 
Also,  several  beds  in  West  Stockbridge  in  various  parts  of  the 
town.  The  limited  time  which  I  gave  to  these  researches  did  not 
allow  me  to  make  but  slight  examinations  in  otlier  towns.  But  I 
have  little  doubt  that  similar  beds  of  marl  will^  be  found  in  various 
other  places  in  the  county  ;  especially  in  Sheffield,  Great  Barring- 
ton,  Egremont,  Alford,  Richmond,  Lanesborough,  New  Asbford, 
and  perhaps  in  Williamstown,  Adams,  Cheshire,  Dalton,  and  New 
Marlborough.  I  am  confirmed  in  this  opinion  from  the  fact  that 
since  I  visited  the  county  several  other  beds  have  been  discovered. 
A  second  bed  has  been  found  in  Pittsfield,  about  a  mile  south-east 
of  the  village.  Also  a  bed  in  Stockbridge,  a  little  east  of  the  village. 
For  specimens  from  both  which  places,  I  am  indebted  to  Professor 
Dewey.  A  third  bed  has  been  found  covering  several  acres  in  the 
north*west  part  of  Lee,  near  jbl  pond,  on  land  of  Messrs.  Lemuel 
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and  Coroelius  Bassett.  The  thickness  of  the  marl,  which  commen- 
ces about  a  foot  below  the  surface,  is  in  some  places  from  four  to 
seven  feet,  and  in  others,  from  ten  to  twelve  feet ;  and  from  20Q 
to  300  loads  have  been  taken  from  it  the  present  winter  by  the 
Messrs.  Bassett.  Specimens  from  all  the  beds  that  have  been 
described  will  be  found  in  the  collection  accompanving  this  Report. 
(SeeNos.  148,  149,  150,  151,  152,  153,  172,  173,  174,  175.) 
I  am  informed  also,  that  a  small  bed  exists  in  Tyringhara,  and  anotb- 
er  in  Stockbridge,  on  the  road  leading  to  Lenox. 

The  purest  of  these  mark  when  dry,  are  almost  as  white  as  chalk, 
apd  much  lighter  than  common  soil,  as  may  be  seen  from  the  specific 
gravities  of  a  part  of  them  in  the  table  of  their  analysis  below.  WheD 
wet  they  are  of  a  light  gray  color,  especially  if  they  contain  much 
organic  and  earthy  matter:  indeed  the  degree  of  their  whiteness  is  no 
bad  index  of  the  quantity  of  lime  that  they  contain.  When  wet  they 
are  quite  plastic  and  adhesive:  when  dry,  they  fall  into  a  fine  powder. 
Hence  they  are  in  a  most  favorable  state  for  being  spread  upon  land. 
They  are  found  almost  exclusively  in  swampy  ground,  generally  in 
quite  wet  swamps,  and  are  always  covered  by  a  stratum,  often  sev- 
eral feet  thick,  of  black  vegetable  matter  approaching  to  peat. 
Hence,  as  these  swamps  «re  rarely  excavated,  the  marl  is  not  apt  to 
be  discovered;  or  if  found,  it  is  supposed  to  be  nothing  more  than 
white  clay  and  sand,  which,  indeed,  it  does  very  much  resemble.  In 
order  to  ascertain  the  presence  of  mar)  in  a  swamp,  I  prepared  an 
iron  rod,  several  feet  long,  near  the  end  of  which  was  a  groove,  in 
fact  it  formed  a  sort  of  auger.  When  pressed  into  the  ground  and 
withdrawn,  it  would  always  retain  in  the  groove  some  of  the  matter 
from  the  bottom  of  the  hole,  and  in  this  way,  in  a  few  minutes,  not 
only  the  existence  of  marl  might  be  ascertained,  but  the  thickness  of 
the  bed.  Yet  after  all,  since  the  swamps  where  it  occurs  are  usual* 
ly  very  wet,  and  easily  penetrated,  a  rough  pole  is  better  for  discov* 
ering  marl  and  its  thickness,  than  the  iron  borer  which  I  have  de* 
scribed.  For  some  of  it  will  adhere  to  a  pole  plunged  into  it,  even 
though  that  pole  must  be  drawn  through  several  feet  of  vegetable 
mud  above  it.  And  if  the  pole  be  plunged  to  the  bottom  of  the  bed, 
the  distance  along  the  pole  covered  with  marl,  will  show  the  thick- 
ness of  the  bed;  except  that  the  lower  extremity  of  the  pole  wiU 
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show  beneath  the  layer  of  marl  the  clay  or  sand  as  far  as  they  were 
penetrated;  and  this  extent  must  be  subtracted  from  the  whole  length 
covered  with  marl.  I  have  been  thus  particular  in  describing  the 
method  of  searching  for  marls,  in  the  confidence  that  if  gentlemen 
residing  in  the  towns  above  mentioned  will  adopt  it,  many  new  beds 
will  be  brought  to  light. 

There  is  a  substance  in  the  central  and  eastern  parts  of  the  State, 
in  exactly  the  same  situation  as  the  marl  of  Berkshire,  which  resem- 
bles it  also  very  precisely  in  external  characters,  and  is  also  like 
marl  very  light;  and  yet  it  is  not  marl.  It  does  not  contain  carbo- 
nate of  lime,  but  is  composed  chiefly  of  silica.  Specimens  of  it 
will  be  found  in  the  collection  from  several  places.  (See  No.  157, 
which  is  from  Spencer;  No.  169,  from  Barre,  and  No.  170,  from 
Andover.)  It  is  easy,  notwithstanding  its  general  resemblance,  to 
distinguish  it  from  marl  by  a  few  drops  of  vinegar,  oil  of  vitriol,  aqua 
fortis,  or  any  other  acid.  If  it  be  marl,  the  acid  will  produce  in  it 
small  bubbles  occasioned  by  the  escape  of  gas — if  not  marl,  no  ef- 
fervescence will  be  produced.  And  this*  is  a  universal  test,  which 
is  almost  infallible,  for  distinguishing  marl  in  all  circumstances. 

One  other  circumstance  respecting  the  Berkshire  marl,  which  will 
aid  in  distinguishing  it.  It  abounds  every  where  with  small  fresh 
water  shells,  such  as  now  occur  in  the  ponds  of  that  region,  and 
therefore  it  is  unquestionably  true  fresh  water  marl,  and  not  shell 
marl.  The  epidermis  of  the  shell  is  usually  gone.  Such  shells  are 
rarely  found  in  much  quantity  where  lime  does  not  exist,  although  I 
have  seen  them  in  mud  that  did  not  effervesce.  But  their  presence 
should  lead  us  to  search  carefully  for  calcareous  matter:  for  how  can 
these  animals  form  their  shells  without  lime? 

The  manner  in  which  the^se  Berkshire  marls  were  formed,  is  very 
obvious.  They  result  from  the  carbonate  of  lime  brought  into  ponds 
by  water,  and  there  at  length  deposited.  After  the  pond  is  filled 
nearly  up,  vegetables  begin  to  grow  over  the  marl,  and  thus  at 
length  a  deposite  of  peaty  matter  covers  the  marl.  The  process,  I 
doubt  not,  is  now  going  on  in  most  limestone  countries,  and  thus  a 
vast  amount  of  valuable  matter  for  agriculture  is  accumulating  in  spots 
usually  regarded  as  waste  places. 

The  Berkshire  marls,  above  described,  appear  to  me  to  be  some 
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of  the  richest  and  best  tbat  ever  occur.  Marls  are  usually  valued 
onljr  for  the  calcareous  matter  which  they  contain.  But  by  adopting 
Dr.  Dana's  method  of  analysis,  we  find  that  they  also  contain  no 
small  quantity  of  soluble  and  insoluble  geine,  derived  from  the  vegeta- 
ble matter  that  covers  them.  This  must  make  them  still  more  val- 
uable when  applied  to  the  soil.  They  contain  likewise  a  small  por^ 
tion  of  phosphate  of  lime,  increasing  their  value  still  more:  while 
the  granitic  sand  in  them,  the  only  part  tbat  is  of  no  value,  is  in  most 
cases  extremely  smaU.  The  following  are  the  results  of  the  analysis 
of  the  ten  specimens  in  the  Government  collection. 


Digitized  by  CjOOQ IC 


GEOLOGY  OF  MASSACHUSETTS. 


67 


I 


Is' 

||    I 

1^   s 


is  ll 


ogpadg 


s    s 


8 


•oofidJOMiv 

JO  MUM 


CO 


s  ^'  s  s  :s 


CO  '^f      '^j; 


•pmg 


S 


SS     CO 


5     § 


JO 

9»«DoqnQ 


O 


o       o 
H 


•s  -§  •§ 


•€ 


2      2      3 
^      ?      S 


^ 


i 


••mnjo 


t^       «       t^       ^    *  M»        O 

c>     <5     cS     c>     c5     ^ 


^     o     e^ 


•oai»o 


^      GO      ^      CO      xS      oi 


3       00       '^ 
9i    a 


••ii|»0 


3     0v-«iHt^oc         oqcov 


e 


'S 


1     I 


^^ 


•s 


to  2^      • 

I  If 

I  a.  a 

^  1  :§ 


00 

9. 


•S 


M» 


^     I 
•5 

1  ■% 


f  1 


li 


^  •§ 


.§ 


3  s  s  8     ess: 


I 


^    "    E.      ti  ^      S2. 


-€ 


g 


Digitized  by  VjOOQ IC 


58  GEOLOGY  OF  MASSACHUSETTS. 

The  amount  of  calcareous  matter  in  these  marb  is  unusually  large^ 
with  the  exception  of  one  of  the  specimens  from  Pittsfield,  and 
another  from  the  east  part  of  Stockbridge.  And  since  only  a  small 
quantity  of  these  was  sent  to  me,  which  probably  might  hare 
been  taken  from  the  margin  of  the  beds,  it  is  not  certain,  that  my 
analysis  exhibits  the  average  proportion  of  calcareous  matter  even  in 
those  beds.  Again,  most  marls  are  only  in  part  pulverulent,  or 
easily  crumbled  down,  and  they  require  a  long  time  after  being  mix- 
ed with  the  soil,  before  they  will  exert  a  favorable  acUon  upon  it. 
But  these  are  all  in  a  state  best  adapted  for  immediate  use;  and  when 
we  add  to  these  considerations  those  already  made  concerning  the 
other  ingredients  of  these  marls,  I  cannot  but  feel  that  Berkshire 
possesses  in  them  a  very  great  treasure.  I  doubt  not  but  an  inex- 
haustible supply  may  be  found  there,  not  only  for  the  county  but  for 
exportation.  And  since  the  most  numerous  beds  yet  discovered 
occur  very  near  the  point  (West  Stockbridge)  where  two  great  rail 
roads  are  soon  to  intersect,  I  cannot  doubt  that  this  marl  will  be 
among  the  articles  of  export,  at  least  a  considerable  distance.  The 
marls  of  New  Jersey  and  Virginia,  it  is  well  known,  are  already  be- 
ginning to  be  transported  a  great  distance.  And  if  any  marls  are 
rich  enough  to  be  thus  conveyed  by  land  or  water,  surely  those  of 
Berkshire  must  be  of  the  number.  It  will  doubtless  require  a  long 
time  to  satisfy  many  of  our  farmers  of  the  value  of  marl:  and  espe- 
cially as  we  may  expect  many  failures  from  applying  this  marl  in  im- 
proper quantity,  or  in  the  neglect  of  collateral  circumstances  essen- 
tial to  success.  But  unless  a  vast  amount  of  experience  in  the  use 
of  marl  in  Europe  and  in  this  country  is  to  be  set  aside  as  a  ground 
of  judgment,  these  marls  roust  sooner  or  later  work  an  important  im- 
provement in  a  portion  of  the  agriculture  of  this  State. 

There  is  an  important  fact  derived  from  the  analysis  of  soils  that 
have  been  given,  relative  to  the  character  of  those  in  Berkshire 
county.  It  had  formerly  been  supposed,  that  the  soils  of  that  county 
contain  so  much  lime,  that  marls  would  be  of  no  service  there.  But 
it  appears  that  they  contain  scarcely  any  more  of  this  substance,  either 
in  the  form  of  carbonate,  sulphate,  or  phosphate,  than  the  other  soib 
of  the  state.  At  least,  the  specimens  analysed  do  not;  and  these 
were  taken  at  random  from  fields  underlaid  by  limestone ;  so  that 


Digitized  by  VjOOQ IC 


GEOLOGY  OF  MASSACHUSETTS.  69 

probably  tbey  sbow  about  the  average  quantity  of  lime  in  the  soils  of 
the  county  ;  though  I  doubt  not  that  soils  may  be  found  there  con- 
taining more  of  this  substance.  I  think  this  may  be  a  safe  rule  to 
follow  by  the  farmers  of  that  county.  If  a  soil  effervesces  with  vin- 
egar, or  other  acids,  they  may  infer  that  marl  will  be  of  little  service. 
If  it  do  not  effervesce,  they  may  safely  apply  marl.  And  judged  of 
by  this  rule,  I  doubt  not  that  four  out  of  five  of  the  Berkshire  soils 
will  be  found  to  need  it. 

In  tohcU  QMarUity  and  Mode  shall  Marl  be  applied  9 

I  do  not  conceive  that  it  falls  within  the  sphere  of  duties  assigned 
me  by  the  government,  to  go  into  details  respecting  the  mode  and 
the  quantity  in  which  marl  shall  be  applied,  except  so  far  as  these 
questions  can  be  answered  by  agricultural  chemistry.  It  is  well 
known  that,  in  many  instances,  lands  have  been  injured  by  over  marl- 
ing ;  and  hence  one  is  met  everywhere  with  the  questions  above  sug- 
gested. And  certain  it  is,  that  no  general  rules  have  thus  far  been 
followed  or  proposed.  Nor  can  we  get  any  general  rules  on  the 
subject  until  the  manner  in  which  lime  acts  upon  soils  and  vegetation 
is  understood.  Here,  it  must  be  confessed,  great  confusion  and  a 
variety  of  opinions  have  prevailed.  The  action  of  lime  is  undoubted- 
ly quite  complex,  and  considerably  different  on  different  soils ;  wliich 
renders  any  general  theory  more  difficult.  The  doctrines  respect- 
ing geine,  which  have  been  explained,  appear  to  me  to  throw  more 
light  on  this  subject  than  has  ever  before  shone  upon  it ;  though  some 
points  still  remain  obscure  ;  and  as  Dr.  Dana  has  obligingly  furnished 
me  with  his  views  on  the  subject,  I  shall  present  them  without  haz- 
arding any  opinion  of  my  own ;  except  to  say,  that  his  theory  is  man- 
ifestly in  advance  of  any  that  has  hitherto  appeared. 

Theory  of  the  action  of  Lime  on  5oi&,  Manure^  and  Vegetation. 

"  The  action  of  lime  is  threefold ;  each  distinct.  1.  It  is  a  .ATcti- 
tralizer :  2.  a  Decomposer :  3.  a  Converter.  1 .  I  have  already  al- 
luded to  some  acid  soils:  free  phosphoric  acid,  geic,  acetic,  and  ma- 
lic acids,  also  occasionally  exist  in  a  free  state  in  soils.  Here  lime 
ilcts  as  a  neutralizer.     2.  Soils  may  contain  abundant  geales ;  parti- 
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cularly  geate  of  alumioa,  the  least  of  all  demanded  by  plants.  Long 
formed  and  8un*baked,  tbey  are  scarcely  acted  on  by  rain  or  dew,  mad 
are  almost  useless.  Here  lime^  by  decomposing  these  metallic  and 
earthy  geates,  forms  a  combination,  which,  in  its  nascent  state,  is 
readily  dissolved.  If  the  carbonate  of  lime  acts  better  than  the  hj- 
drate,  it  is  because,  following  a  well  known  law,  double  decompost* 
tion  b  easier  than  single.  If  any  acid  geme  exists  in  the  soil,  or  anj 
free  acids,  carbonic  acid  is  then  liberated ;  it  acts  on  the  geate  of 
lime,  supergeates  result,  and  these  are  easily  soluble." 

^^  3.  The  great  use  of  lime  b  as  a  converter;  turning  solid  and  in- 
soluble geine,  nay,  I  go  further,  solid  vegetable  fibre,  into  soluble 
vegetable  food.  Here  is  the  great  puzzle,  the  point  where  our  phi- 
losophy seems  to  leave  us ;  giving  us  our  choice,  to  refer  this  action 
to  one  of  the  numerous  cases  of  mysterious  ^  catalytic '  change. 
With  which  we  are  becoming  every  ^ay  more  and  more  familiar,  or 
to  explain  the  process  by  referring  the  whole  to  sapomfication.  I 
use  this  word  as  conveying  to  you  at  once  what  I  mean  ; — but  I  do 
not  mean  to  say  that  the  product  of  lime  and  vegetable  matter  is 
soap  ;  but  I  cannot  make  myself  more  intelligible  to  a  farmer  than  by 
saying,  this  lime  makes  compounds  of  vegetable  matter,  just  as  it 
makes  soapy  compounds  of  oil  and  fat.  The  action  of  lime  on  geine 
I  take  to  be  of  the  same  nature,  as  its  action  on  oils  and  fat.  It  is 
well  established  that  auimal  and  vegetable  oils  and  fats  are  converted 
into  acids  by  the  action  of  alkalies,  earths,  oxides,  and  even  by  v^- 
etable  fibre  itself.  The  general  law  is,  that  whenever  a  substance, 
capable  of  uniting  with  the  acid  of  fat  or  oil,  is  placed  in  contact  with 
fat  or  oil,  it  determines  the  production  of  acid.  Now  we  have  seen 
that  alkali  produces  a  similar  change  on  geine ;  it  developes  acid 
properties.  I  go  further,  if  alkali  has  converted  vegetable  oil  and 
geine  into  acids,  I  see  no  reason  why  a  similar  action  may  not  be  pro- 
duced by  all  those  substances  which  act  thus  on  oil.  Hence  KmCy 
earths,  and  metallic  oxides,  convert  geine  into  acid  :  as  fast  as  this 
takes  place,  so  fast  it  becomes  soluble.  Then  too  the  long  ac-* 
tion  of  air  on  insoluble  geine,  rendering  it  soluble,  is  it  not  analogous 
to  the  action  of  air  on  oils.  Both  evolve  in  this  case,  vast  volumes 
of  carbonic  acid,  the  oil  becomes  gelatinous  and  soluble  in  alkali ; 
does  not  a  similar  cbaqge  occur  in  geine  ?    It  is  possible  that  during 
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tbe  action  of  lime  on  geine,  a  soluble  substance  may  be  produced, 
bearing  the  same  relation  to  this  process  that  glycerine  does  to  sapo- 
nification. These  views  you  will  see  need  to  be  followed  out  ex- 
perimentally. If  found  tenable,  the  most  signal  benefit  will  result. 
We  place  manures  on  a  new  foundation,  on  which  great  practical  re- 
sults may  be  erected 

Practical  application  of  the  Theory  of  the  action  of  Lime. 

Taking  the  preceding  principles  as  our  guide,  we  may  lay  down  a 
few  general  principles  for  the  application  of  marls. 

1.  Enough  ought  to  be  applied  to  neutralise  all  the  free  acids  in  a 
soil ;  which  may  be  known  by  its  ceasing  to  produce  acid  plants, 
such  as  sorrel  and  pine.  Generally,  however,  the  amount  required 
for  this  purpose  is  small. 

3.  It  will  be  serviceable  to  add  enough  to  convert  the  earthy 
geates  of  a  soil  into  geate  of  lime.  The  richer  a  soil  is,  the  greater 
we  may  conclude  is  the  quantity  of  geates  which  it  contains. 

3.  It  will  be  serviceable  to  add  enough  to  convert  all  the  insoluble 
geine  and  vegetable  fibre  in  a  soil  into  soluble  geine.     Hence  the 
richer  a  soil  is,  and  the  more  manure  is  added,  the  more  marl  will  it 
bear  with  benefit.     Indeed,  there  appears  to  be  no  danger  of  adding 
too  mnch  maW,  provided  a  sufficient  quantity  of  manure  be  also  add- 
ed.   Ignorance  of  this  principle,  I  apprehend,  is  the  source  of  most 
of  the  failures  that  have  occured  in  the  use  of  lime  upon  soils.     Far- 
mers have  supposed  that  its  action  was  like  that  of  common  manure, 
viz.,  to  serve  as  direct  nourishment  to  the  plant ;  whereas  it  only 
cooks  the  foody  if  I  may  be  allowed  the  expression,  which  exists  in 
the  soil,  or  is  added  along  with  the  lime.     In  nearly  all  cases  of  over 
marling  which  I  have  read  of,  a  fresh  supply  of  manure  has  been 
found  to  be  the  remedy ;  which  shows  the  truth  of  tbe  above  princi- 
ple.    Agriculturalists  have  spread  marl  alone,  or  with  very  little  ma- 
nure, upon  land  that  has  been  worn  out,  that  is,  whose  geine  has 
been  exhausted ;  and  because  such  soils  have  not  thereby  been  re- 
cruited, they  have  inferred  that  lime  was  injurious.     Without  acids,  or 
geine,  or  geates,  or  vegetable  fibre,  to  act  upon,  much  excess  of  lime 
appears  to  operate  injuriously,  so  as  to  diminish,  instead  of  increas- 
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iog  the  crop.  They  have  also  expected  a  suddeo  and  surprising  in- 
crease of  fertility:  whereas  in  some  cases  the  chief  bene6t  seems  to 
consist  in  causing  the  land  to  produce  for  a  greater  number  of  years, 
by  preventing  the  ultimate  decomposition  and  escape  of  the  organic 
niatter.  In  general,  however,  it  will  add  also  to  the  yearly  product: 
but  those  who  employ  roarl  or  lime  in  any  form,  ought  to  moderate 
their  expectations,  that  they  may  not  he  disappointed,  and  to  be  sa- 
tisfied if  they  can  slowly  and  surely  improve  their  lands  as  they  most 
assuredly  can  do,  by  this  substance,  provided  they  do  not  expect  to 
accomplish  it  by  the  use  of  lime  alone. 

These  general  rules  can  afford  only  a  general  guidance  as  to  the 
quantity  of  marl  proper  to  be  used.  Both  mark  and  soils  vary  so 
much  in  their  composition,  that  probably  direct  experiments  will  al- 
ways be  necessary  to  ascertain  the  quantity  of  any  new  variety  of 
marl  that  will  be  most  serviceable.  And  should  any  of  the  agricul- 
turists of  Berkshire  county  be  disposed,  as  I  doubt  not  they  will  be, 
to  try  the  marls  above  described,  I  beg  leave  to  recommend  to  tbem, 
as  the  best  practical  treatise  tlrnt  has  been  published  in  this  countiy, 
on  this  subject,  ^'  An  Essay  on  Calcareous  Manures,"  by  Edward 
Ruffin,  Esq.  of  Virginia,  Sbellbanks,  1835.  This  gentleman  has 
tried  a  vast  number  of  experiments  on  the  subject,  and  the  perusal  of 
his  work  is  almost  indispensable  to  any  one  who  would  successfully 
prosecute  it.  He  says,  ^^  if  the  nature  of  the  soil,  its  condition  and 
treatment,  and  the  strength  of  the  marl  were  all  known,  it  would  be 
easy  to  direct  the  amount  of  a  suitable  dressing:  but  without  know- 
ing these  circumstances,  it  would  be  safest  to  give  250  or  300  bush* 
eb  to  the  acre  of  worn  acid  soik,  and  at  least  twice  as  much  to  newly 
cleared,  or  well  manured  land."  (Essay  pp.  54.)  The  marl  which 
Mr.  RitfSn  used  was  the  shell  marl;  a  large  part  of  which  has  no  ac- 
tion on  the  soil  for  several  years;  nor  does  it  contain  any  geine.  On 
both  these  accounts  probably,  the  Berkshire  marls  should  be  used  at 
first  in  a  smaller  quantity;  and  I  suspect  that  great  care  will  be  neces- 
sary to  avoid  using  too  much. 

As  to  die  best  mode  of  applying  marl,  theory  would  lead  us  in  gen- 
eral to  prefer  the  method  usually  adopted,  viz  :  to  mix  it  with  com- 
post before  spreading  it  on  the  soil.  And  I  would  here  express  a 
hope,  that  if  experiments  are  made  on  the  Berkshire  marls,  a  portion 
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of  the  black  vegetable  matter  that  lies  above  them,  may  sometimes  be 
mixed  with  them,  to  see  whether  it  may  not  become  converted  into 
a  geate,  and  thus  increase  the  value  of  the  marl.  It  would,  indeed, 
be  an  important  discovery,  if  from  the  same  swamp  both  the  geine 
and  the  lime  could  be  obtained,  in  a  state  proper  to  sustain  vege- 
tation. 

In  a  few  instances  the  Berkshire  marl  has  been  tried  upon  cultiva- 
ted land.  In  the  North  part  of  Stockbridge,  several  years  ago,  Mr. 
Hadsel  Buck  spread  40  loads  from  the  bed  on  his  farm,  upon  a 
field  of  grass,  and  he  describes  the  effect  as  excellent.  A  mile  or  two 
east  of  this  spot,  Capt.  Enos  Smith,  many  years  ago,  took  a  quantity 
from  another  bed  and  spread  it  upon  grass  ground  with  very  marked 
benefit.  It  has  also  been  tried  in  Pittsfield,  by  Samuel  A.  Danfortb^ 
Esq.  with  encouraging  success.* 

I  have  supposed  that  the  discovery  of  earthy  substances  containing 
a  much  less  quantity  of  calcareous  matter  than  the  marl  that  has  just 
been  described,  might  be  of  great  benefit  to  agriculture  in  a  region  so 
destitute  of  lime  as  Massachusetts  in  general.  Accordingly,  I  have 
examined  our  clays  and  diluvial  deposites  with  reference  to  this  point 
and  shall  now  give  the  result  of  my  researches. 

8.  Marlt  Clay. 

Most  of  the  clays  in  Massachusetts  contain  a  very  small  proportion 
of  carbonate  of  lime,  the  greater  part  of  which,  however,  is  convert- 
ed into  those  curious  concretions  called  claystones,  which  usually 
contain  more  than  50  per  cent  of  carbonate  of  lime.  But  it  was  on- 
ly in  the  north  part  of  Berkshire  county  that  I  found  enough  calcare- 
ous matter  in  the  clay  beds  to  be  of  any  consequence  in  agriculture. 
In  other  parts  of  the  county,  I  met  with  but  few  clay  beds  ;  though 
I  doubt  not  that  others,  besides  those  described  below,  may  be  found. 
The  following  analysis  gives  the  composition  of  one  specimen  from 

*I  feel  uuder  great  obligations  to  Hon.  Judge  Walker,  and  H.  W.  Bishop,  Esq.  of 
Leoox,  for  their  attention  and  assistance  in  searching  for  beds  of  marl  in  that  yicinity.  Also 
to  Charles  B.  Boynton,  Esq.  of  West  Stockbridge.  To  Sedgwick  &  Co.,  and  Mr.  Lemuel 
Bassett,  I  am  indebted  for  the  specimens  from  their  marl  beds  in  the  goverameat  collection. 
I  might  name  several  other  gentlemen  in  that  county  who  have  given  me  much  assistance. 
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North  Adams  and  another  from  WiUiamstown,  a  little  southeast  ftom 
the  coU^e.    Both  were  taken  from  excavations  for  making  brick. 


No. 

Locality. 

CoiboMta 

of 

Lime. 

SiUca 

aod 

Alonioa. 

PNU>zide 

of 

Iron. 

Otfbooate 

of 
Macoeflia. 

Water 

of 

AbMrptaoii. 

146 
147 

Williamstown,     .    . 
North  AdanM,     .    . 

11.7 
88.0 

68.0 

434 

18.0 

2a9(?) 

trace. 
0^ 

2^ 

a7 

Can  there  be  a  doubt,  but  clays  so  rich  in  calcareous  matter 
as  the  above,  would  prove  very  valuable  in  cultivation  ?  eqpeciallj 
when  we  recollect  that  clay  alone,  destitute  of  calcareous  matter, 
is  of  great  service  to  some  kinds  of  land/  The  bed  in  Williams* 
town,  from  which  the  specimen  analysed  was  taken,  is  composed 
of  the  common  plastic  clay ;  but  that  in  Adams,  (a  little  east  of 
the  village,)  is  unusually  sandy ;  although  a  part  of  the  same  bed, 
less  calcareous,  is  used  for  making  bricks*  On  some  soils  fine  sand, 
so  full  of  calcareous  matter,  must  be  excellent.  The  quantity  of 
magnesia  in  it  is  too  small  to  affect  its  value  unless  it  be  favorably. 
In  applying  it,  the  same  principles  should  be  our  guide  as  in  richer 
marls.  Other  beds  of  mflrly  clay  may  be  found  probably,  by  the 
use  of  vinegar  or  other  acids.  Nos.  146  and  147  present  speci- 
mens of  the  marly  clays  whose  analysis  has  been  given. 

4.    Calcareous  Diluvium. 

In  the  red  sandstone  of  the  valley  of  Connecticut  river,  beds  of 
fetid  limestone  occasionally  occur ;  and  besides,  in  the  tovnis  of 
Springfield,  West  Springfield,  and  South  Hadley,  the  red  slaty  rock 
contains  a  few  per  cent  of  carbonate  of  lime.  In  early  times  this 
rock  has  been  extensively  worn  away,  and  the  small  fittgments  and 
fine  sand  or  clay,  thence  resulting,  have  been  piled  up  over  the 
greater  part  of  those  towns.  This  accumulation  of  detrital  matter, 
I  call  diluoium ;  and  on  applying  acids  to  it,  in  very  many  places 
in  the  towns  above  named,  I  found  it  strongly  to  effervesce,  espe- 
cially when  dug  from  a  lide  depth.  The  lime  serves  as  a  cement, 
so  that  in  roost  places  it  is  almost  as  hard  as  a  rock,  and  requires  a 
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good  deal  of  labor  to  get  it  up.  But  exposed  to  wet,  beat,  and 
cold,  it  at  length  crumbles  down,  and  becomes  fit  to  spread  upon 
land  ;  although  the  size  of  the  pebbles  often  might  injure  grass 
fields,  unless  it  were  separated  by  means  of  a  riddle.  Since  this 
diluvium  was  deposited,  a  thick  layer,  first  of  clay,  and  above  this, 
of  sand,  has  been  brought  over  most  of  the  region,  so  that  the 
diluvium  appears  only  in  those  places  where  the  sand  and  clay  have 
been  worn  away.  But  this  occurs  so  often  that  it  is  accessible  in  a 
multitude  of  places.  I  will  mention  the  banks  of  Agawam  river, 
a  little  west,  and  also  south,  of  the  village  of  West  Springfield  ;  also 
at  the  south  end  of  the  village  of  Springfield,  in  several  places  along 
the  banks  of  the  small  river  on  which  stand  the  lower  ^^  Water 
Shops."  In  one  spot  on  the  north  bank,  is  an  elevation  belonging 
to  the  United  States'  Government,  which  ten  years  ago  was  nothing 
but  a  barren  sand  hill.  A  large  quantity  of  this  diluvium,  and  of 
the  disintegrating  slaty  rock  beneath  it,  was  carted  upon  this  spot, 
and  not  only  has  it  fixed  the  sand,  but  produced  a  coating  of  clover, 
grass,  and  young  locust  bushes.  I  was  there  informed,  that  near 
the  same  spot,  six  or  eight  years  ago,  some  of  this  diluvium  was  put 
upon  a  small  sandy  ploughed  field,  and  that  the  good  efiTects  are  still 
visible.  In  another  case  eight  years  ago,  some  of  it  was  mixed  with 
a  small  quantity  of  hog  manure,  and  the  land  still  produces  better 
crops.  The  testimony  here,  and  also  at  Chicopee  Factory  Village^ 
as  well  as  in  West  Springfield,  was,  that  wherever  this  diluvium  is 
spread,  clover  soon  makes  its  appearance  ;  a  result  almost  uniformly 
attending  the  judicious  application  of  marl. 

In  the  banks  of  Chicopee  river,  in  numerous  places  from  its 
mouth  nearly  to  Putts  Bridge,  thick  deposites  of  this  diluvium  ap<- 
pear.  An  enormous  bed  of  it  exists  on  the  east  bank  of  Connect!* 
cut  river,  a  little  south  of  the  vilkge  at  South  Hadley  Canal.  It 
occurs,  ako,  in  abundance,  a  little  south  of  the  village  of  South  Had* 
ley.  I  have  searched  in  vain  for  it  in  other  parts  of  the  valley  of 
the  Connecticut.  No  where  else  in  Massachusetts  does  the  red 
sandstone  appear  to  contain  enough  of  carbonate  of  lime  to  make  its 
detritus  sensibly  calcareous.  And  although  I  have  been  told,  on 
good  authority,  that  in  the  vicinity  of  Hartford  and  Middletown,  Ct., 
the  diluvium  does  effervesce  with  acids,  yet  after  repeated  trials  in 
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various  places  from  Massachusetts  to  Middletown,  I  have  not  foond 
any  that  was  sensibly  calcareous.  At  present,  therefore,  I  mast 
consider  this  variety  conGned  to  the  three  towns  above  named  ; 
though  I  doubt  not  ^that  I  might  safely  add  Longmeadow  and  Wfl- 
braham.  I  have  analysed  only  three  specimens  ;  but  these  probably 
will  give  us  about  the  average  amount  of  carbonate  of  lime.  The 
specimens  analysed  will  be  found  in  the  state  collection. 


No. 

Carboaate 

of 

Lime. 

Silica 

aod 

Alomiaa. 

of 
Magnesia. 

Peroxide 

of 

Iron. 

Water 

of 

Abeorption. 

Locality. 

154 

6.3 

8ao 

slight 
precip. 

1Z4 

2.3 

Ghicopee  FadosT. 
SpriDgfidd. 

155 

4.8 

63^ 

digfat 
precip. 

11.0 

1.0 

Water  Shops. 

156 

8.0 

71.6 

0.4 

19.0 

LO 

West  SpringfiAld. 

The  amount  of  calcareous  matter  in  this  diluvium  appears  smaD, 
when  compared  with  that  in  the  Berkshire  marls.  And  I  presume 
it  will  not  be  found  valuable  enough  as  a  manure  to  be  transported  a 
great  distance.  But  it  ought  to  be  recollected,  that  it  needs  only 
a  small  quantity  of  lime  in  a  soil  to  work  wonders  upon  vegetation. 
And  further,  it  happens  that  in  the  immediate  vicinity  of  nearly 
every  bed  of  this  substance,  is  a  great  deal  of  that  sterile  sandy  land, 
which  most  needs  a  coating  of  marly  clay,  which  is  in  fact  the  char* 
acter  of  the  calcareous  diluvium.  The  large  quantity  of  peroxide  of 
iron  which  it  contains,  will  probably  also  be  useful  on  such  a  soil. 
And  where  this  substance  can  be  carted  direcdy  upon  such  fields, 
I  cannot  doubt,  but  they  might  be  made  permanently  fertile  without 
great  expense.  I  trust  that  some  of  the  farmers  in  the  vicinity  of 
this  diluvium,  will  at  least  be  tempted  to  try  a  few  square  rods  of 
sandy  land  in  this  manner  ;  and  then  they  can  judge  whether  its  more 
extensive  application  may  not  be  profitable.  Who  knows,  but  this 
substance,  which  has  hitherto  been  regarded  as  a  sign  of  utter  bar- 
renness, and  employed  only  for  mending  roads,  may  at  some  future 
day  spread  fertility  over  many  a  field  now  scarcely  worth  cultivation  ! 

I  ought  to  remark,  that  in  many  places,  beds  of  this  diluvium 
occur  which  contain  little  or  no  calcareous  matter,  because  the  rocks 
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from  which  they  were  derived,  contain  none.  Hence  in  using  this 
substance  upon  soils,  none  ought  to  be  employed  which  does  not 
effervesce  with  vinegar,  or  other  acids.  By  omitting  this  precaution, 
an  experiment  may  fail,  which  would  otherwise  succeed. 

5.    Limestones  in  Massachusetts. 

Such  is  the  general  deficiency  of  calcareous  matter  in  Massachu- 
setts, and  so  important  is  it  in  a  variety  of  arts  besides  agriculture, 
that  it  seems  desirable  to  ascertain  the  exact  value  of  all  the  varieties 
of  carbonate  of  lime  within  our  limits.  Besides  the  rich  and  pure 
limestones  of  Berkshire  County,  we  have  a  large  number  of  beds  of 
this  substance  more  or  less  pure,  in  various  parts  of  the  state  ;  and 
I  have  thought  it  desirable  to  analyse  specimens  from  every  bed  of 
consequence.  The  following  table  exhibits  the  results  which  I 
have  obtained.  Some  of  the  specimeqs  were  formerly  placed  in 
the  state  collection  ;  and  those  discovered  since  that  collection  was 
made  up,  are  forwarded  herewith.  ^ 
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JVlto  loeaMes  of  lAmeHane. 

The  localities  of  the  firaestODes  in  the  preceding  table,  of  which 
specimens  have  been  heretofore  deposited  in  the  State  collection, 
will  need  no  further  description.  But  several  of  the  specimens  were 
obtained  from  new  localities,  and  these  will  require  a  few  descriptive 
remarks. 

One  is  marked  from  Attleborougb.  I  found  a  bed  of  it  several 
mches,  and  perhaps  several  feet  (for  it  is  partly  concealed)  in  thick- 
nesS)  on  land  of  Thomas  Arnold,  in  the  southwest  part  of  the  town, 
near  what  is  called  the  City.  The  rock  there,  is  a  remarkable  va- 
riety of  blood  red  greywacke  conglomerate;  and  in  the  stone  walls 
I  noticed  frequently  a  mixture  of  limestone.  Hence  I  anticipate  that 
probably  beds  of  limestone  thick  enough  to  be  worked  may  be  disco- 
vered. It  will  be  seen  from  the  above  table,  that  it  is  a  quite  pure 
carbonate  of  lime;  and  being  often  intermixed  with  the  red  slate,  it 
would  form  when  polished,  a  beautiful  marble,  if  masses  large  enough 
can  be  obtained. 

Two  specimens  given  in  the  table  are  from  the  bed  of  the  Chicopee 
River,  at  the  Chicopee  Factory  Village,  in  Sprmgfield.  The  first 
(No.  185)  occurs  abundantly  all  along  that  river  in  nodules,  from 
half  an  inch  to  a  foot  in  diameter,  which,  when  broken,  often  show 
numerous  seams  filled  with  calcareous  spar,  and  constituting  what  in 
Europe  is  called  Septaria.  This  limestone  also  exists  along  that  riv- 
er, and  especially  in  the  bed  and  banks  of  Agawam  river,  in  West 
Springfield,  in  layers  several  inches  thick;  which  having  the  general 
reddish  appearance  of  the  rock,  is  not  suspected  to  be  limestone. 
Yet  if  I  mistake  not,  this  limestone  will  prove  a  very  valuable  mate- 
rial for  preparing  the  Roman  or  water-proof  cement.  I  strongly  sus- 
pect that  the  fetid  limestone  of  West  Springfield,  which  is  now  used, 
is  much  less  adapted  for  this  purpose  than  the  ferruginous  limestone 
under  consideration;  and  the  chemical  analysis  of  the  two  varieties 
confirms  me  in  this  opinion.  For  the  former  is  almost  a  pure  lime- 
stone, whereas  the  latter  abounds  in  alumina  and  iron;  which  are  very 
important  in  this  kind  of  mortar:  and  it  is  well  known,  that  the  sep- 
taria of  Europe  is  employed  for  this  purpose. 
9 
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The  specimen  of  fetid  limestone  (No.  191)  from  Chicopee  Fac- 
tory Village,  scarcely  differs  from  that  used  in  West  Spring6eld,  at 
Paine's  quarry.  It  abounds  in  the  bed  of  the  stream  at  Chicopee 
Factory:  though  in  general  it  is  not  so  highly  charged  with  lime  as  the 
specimen  analysed.  I  doubt  not  but  it  would  answer  well  in  agricul- 
ture, if  it  be  not  needed  for  water  proof  cement. 

The  specimen  No.  188,  was  sent  me  from  the  east  part  of  Nor- 
wich, where  it  is  said  to  abound.  It  is  a  variety  of  the  raicaceoos 
limestone,  so  common  on  the  west  side  of  Connecticut  River  in  a 
large  number  of  towns.  The  analysis  shows  a  rather  too  small  pro- 
portion of  carbonate  of  lime  to  render  it  very  profitable  to  bum  for 
common  mortar  unless  the  price  of  wood  be  quite  low.  It  contains, 
however,  rather  more  than  50  per  cent  of  carbonate  of  lime,  and  in 
England  it  is  a  rule  that  limestone  may  be  advantageously  burnt  that 
contains  more  tiian  half  of  calcareous  matter.  As  I  have  not  visited 
the  locality,  I  cannot  say  whether  richer  specimens  may  not  be  found 
there. 

The  specimen  from  Southampton  (No.  463  of  the  State  collec- 
tion,) is  of  the  same  description,  but  containing  still  less  of  lime;  too 
little,  indeed,  to  be  burnt  for  morur.  That  from  Whately  (No.  459 
of  the  Suite  collection)  is  the  best  of  this  sort  of  limestone  that  I 
have  found  in  any  place;  and  situated  very  favorably  for  burning  and 
transportation.  Indeed,  since  my  former  report  was  finished  a  com- 
pany have  erected  a  lime  kiln  there,  which  has  been  several  times 
filled  and  burnt  with  as  encouraging  success  as  could  be  expected  in 
a  new  enterprise.  They  undertook  it  chiefly  for  agricultural  purpo- 
ses but  the  lime  is  found  to  answer  tolerably  well  for  laying  brick  and 
plastering.  It  requires,  of  course,  less  sand  than  purer  limestone; 
and  does  not  harden  so  soon  as  some  kinds  of  lime;  but  at  length  it 
becomes  unusually  solid.  When  the  value  of  this  limestone  shall 
be  more  fully  appreciated,  I  predict  that  it  will  come  into 
use,  not  merely  in  Whately,  but  also  in  many  other  towns  where 
it  occurs;  as  in  Conway,  Ashfield,  Buckkind,  Charlemont,  Heath, 
Colraine,  Leyden,  Williamsburgh,  Groshen,  &c.  Indeed,  I  learn  that 
a  kib  of  it  has  been  burnt  in  Buckland  and  used  on  land  with  good 
success. 
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Berkshire  Limeetonee. 

It  is  gratifying  to  find,  that  as  thedeoiaod  for  the  rich  and  enduring 
marbles  of  Berkshire  increases,  new  and  extensive  quarries  are  open- 
ed; which  prove  that  it  is  doubtful  even  yet,  whether  others  still  bel- 
ter than  any  now  wrought,  may  not  yet  be  discovered.  Indeed,  when 
passing  over  that  limestone  region,  and  noticing  the  quarries,  I  have 
often  been  unable  to  see,  except  in  the  necessity  of  beginning  some- 
where, why  a  particular  spot  was  selected  for  the  excavation,  in  pre- 
ference to  a  dozen  others  equally  promising.  In  North  Adams,  on 
Hudson  Brook,  a  little  north  of  the  village;  and  near  the  remarkable 
gorge  and  natural  bridge,  a  quarry  lids  been  recently  opened,  which 
furnishes  the  most  highly  chrystalline  and  the  purest  limestone  in  the 
State.  By  the  analysis  above  given,  it  appears  that  it  contains  less 
than  one  per  cent  of  foreign  matter.  It  will  of  course  form  a  very 
white  and  enduring  marble  :  though  its  highly  chrystalline  character, 
may  detract  somewhat  from  its  elegance.  The  quarry  is  inexhaust- 
ible. 

Another  new  quarry  I  noticed  two  and  a  half  miles  west  of  the 
village  of  PittsGeld.  This  also  is  inexhaustible,  and  though  the  rock 
is  not  as  white  as  in  some  other  places,  it  produces  a  substantial  and 
Taluable  marble. 

But  a  visit  to  the  quarry  in  Sheffield,  two  miles  north  of  the 
village,  from  which  marble  is  now  being  got  out  for  the  Girard 
College  in  Philadelphia,  will  give  one  perhaps  the  best  idea  of  the 
value  and  extent  of  the  Berkshire  marbles;  and  at  the  same  time  of 
the  {K)wer  which  the  arts  give  to  man  over  nature.  The  rock  (No. 
192)  is  no  better  than  in  many  other  places;  perhaps  inferior  to  some 
other  varieties — but  to  see  masses  more  than  50  feet  long,  and  6  or 
8  feet  thick,  split  out  by  the  apparently  feeble  means  employed, 
makes  a  strong  impression  on  the  mind,  and  recalls  the  history  of  the 
enormous  blocks  of  stone  quarried  and  removed  by  the  pyramid 
builders  of  antiquity. 

The  celebrated  quarries  in  West  Stockbridge  still  continue  to  be 
wrought  and  in  increased  quantity.  And  when  the  two  rail-roads  that 
will  here  intersect,  and  connect  this  point  with  Boston  harbor  and 
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LoDg  Island  Sound,  shall  be  completed,  we  may  expect  that  the  de- 
mand for  this  marble,  as  well  m  for  tbat  from  other  parts  of  Berk- 
shire, will  increase.  These  marbles  have  long  been  justly  consider^ 
•d  as  amoi^  the  best  for  elegance  and  dorabilicy  which  our  country 
produces;  and  I  have  no  fears  that  their  high  character  will  sufier  by 
being  more  extensively  known  and  tested. 

There  is,  however,  a  considerable  difference  among  these  marUes 
in  thdr  durability  and  power  of  resisting  change  from  the  action  of 
the  air,  heat,  cold  and  moisture.  And  it  would  be  very  desirable  to 
be  able  from  inspection,  to  decide  which  are  the  best  in  tbis  respect. 
I  had  hoped  in  this  report,  to  make  some  remarks  on  this  subject: 
but  do  not  feel  yet  prepared.  I  cannot  but  fear,  however,  that  no 
tests  which  chemistry  affords,  will  ever  supersede  the  necessity  of 
actual  trial.  It  often  happens,  however,  that  where  a  new  quarry 
is  opened,  fragments  of  the  rock  lie  scattered  on  the  surface,  which 
have  for  a  long  time  been  exposed  to  atmospheric  agencies:  and  from 
the  greater  or  less  disintegration  which  these  have  suffered,  some 
conjecture  can  be  formed  respecting  the  rock  proposed  to  be  quar- 
ried.* 

MagnmioA  Lim$iUnu  in  JigrtcuUiirt. 

Very  many  limestones  contain  magnesia,  and  it  seems  to  be  gen- 
erally admitted,  that  where  thb  is  the  case,  a  large  quantity  spread 
upon  soil  is  injurious;  that  is,  when  the  stone  has  been  burnt  so  as  to 
drive  off  the  carbonic  acid.  In  small  quantities,  however,  it  would 
seem  that  even  calcined  magnesia  is  useful;  as  we  might  presume  it 
would  be  from  the  fact  that  most  soils  contain  it  in  small  quantity. 
Again,  it  appears  probable,  that  magnesian  limestone,  if  not  burnt, 
but  merely  reduced  to  a  6ne  powder,  will  operate  favorably:  or  even 
if  we  adroit  that  in  such  a  case  the  magnesia  exerts  no  action,  it  will 
not  prevent  the  salutary  action  of  the  lime  united  with  it.     But  since 

*  Througli  the  liberality  of  several  gentfemen  who  have  the  direction  of  the  mwble  qnar^ 
riei  in  Berluhirai  and  the  obliging  intervention  of  H.  W.  Bishop,  Esq.,  I  have  the  pronuae 
of  specimens  of  all  the  important  varieties  of  maible  in  the  eoanlj.  As  soon  as  they  are  re- 
eetved,  they  wiU  be  deposited  in  the  State  Colleclieo,  with  the  mmee  of  the  doBors :  and 
thaae  fanlleBMa  who  wisli  to  proeun  marblaa,  can  maka  their  selection,  withoat  the  Ueable 
ef  a  Jooney  to  Becfcihiie. 
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magnesia  unites  with  geic  acid  and  forms  a  compound  more  soluble 
in  water  than  geate  of  lime,  there  is  reason  to  believe  that  magnesia, 
properly  applied,  may  be  of  service  in  agriculture.  It  would  be  very 
desirable  that  some  experiments  should  be  made  upon  this  subject: 
for  it  will  be  seen  by  the  analysis  of  our  limestones  that  has  been 
given,  that  many  of  them  are  magnesian.  In  the  southern  part  of 
Berkshire  county,  the  real  dolomite,  which  contains  40  per  cent  of 
magnesia,  is  common;  and  it  occurs  in  smaller  quantity  in  many  of 
the  limestones  of  that  county.  Nor  is  it  easy  by  the  eye  to  deter- 
mine whether  a  limestone  be  magnesian.  The  dolomite,  however, 
is  very  liable  to  disintegration,  and  hence  it  is  easily  reduced  to  pow- 
der; and  from  the  principles  above  suggested,  I  infer  that  this  is  the 
proper  way  to  prepare  magnesian  limestone  for  agricultural  purposes. 
Indeed,  I  would  extend  the  remark  to  all  limestones  where  fuel  is 
not  abundant.  For  the  great  object  of  burning  lime,  so  far  as  its 
application  to  soils  is  concerned,  is  to  reduce  it  to  powder.  Indeed, 
when  applied  in  the  state  of  quicklime  it  is  very  apt  to  prove  injuri- 
ous, like  magnesia,  until  it  has  absorbed  carbonic  acid  from  the 
atmosphere:  timt  is,  until  it  is  brought  back  to  the  state  in  which  it 
was  before  burning.  The  inhabitants  of  Berkshire  county  will  prob- 
ably never  need  to  use  magnesian  limestone  for  agriculture,  or  any 
other  purpose,  because  they  have  enough  that  is  free  from  magnesia. 
But  much  of  their  dolomite  might  be  more  easily  reduced  to  pow- 
der than  any  limestone  could  be  burnt.  And  if  this  suggestion 
about  pounding  and  grinding  limestone  be  of  no  importance  in  respect 
to  that  which  contains  magnesia,  it  may  be  of  consequence  in  regard 
to  that  great  quantity  of  fragments  of  pure  white  limestone,  which  are 
necessarily  accumulated  at  the  quarries,  and  which  are  now  entirely 
wasted.  How  little  additional  labor  would  it  require,  by  means  of 
water  power,  to  bring  these  into  the  state  of  powder  admirably  fitted 
for  agriculture!  and  who  can  doubt,  but  this  might  become  an  article 
of  exportation,  when  the  contemplated  rail-roads  are  completed,  and 
the  value  of  lime  upon  land  shall  be  as  much  appreciated  in  this 
country  as  it  is  in  Europe! 
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Limestonei  in  the  Eastern  part  of  the  State. 

These  remarks  will  apply  with  still  greater  force  to  the  limestODes 
ID  the  eastern  part  of  the  State,  than  to  those  of  Berkshire:  first, 
because  fuel  is  much  more  scarce  in  the  vicinity  of  the  sea-board, 
and  secondly,  because,  as  appears  from  the  analysis  that  has  been 
given,  roost  of  the  limestones  in  that  region  contain  magnesia,  in  such 
quantity  that  it  would  be  desirable  to  have  them  pulverised  rather 
than  burnt  for  agriculture.  The  amount  of  magnesia  in  these  lime- 
stones, is,  indeed,  greater  than  we  could  have  anticipated,  especially 
at  Bolton  and  Chelmsford;  and  I  regret  that  I  have  not  time  to  re- 
peat their  analysis.  Still  from  the  fact  that  these  limestones  have 
been  powerfully  acted  upon  by  heat  from  the  surrounding  unstratified 
rocks,  we  should  expect  magnesia  in  them.  These  limestones  also, 
from  having  been  melted,  and  containing  more  siliceous  matter,  will 
be  more  difficult  to  be  brought  into  the  state  of  powder  by  mechani- 
cal agency.  Yet  since,  on  account  of  the  high  price  of  fuel,  but 
little  lime  is  burnt  at  these  quarries,  it  certainly  deserves  considera- 
tion whether  water  power  may  not  be  profitably  applied  to  bring 
them  into  a  state  of  powder,  by  some  of  the  machines  that  are  de- 
scribed in  agricultural  works  for  this  purpose. 

The  locality  from  which  the  two  specimens  given  in  the  preceding 
table  as  from  Natick,  I  have  not  visited:  since  it  was  only  a  few 
weeks  ago  that  I  was  made  acquainted  with  the  existence  of  lime- 
stone there.  It  was  brought  to  my  knowledge  by  Chester  Adams, 
Esq.,  who  says  that  the  bed  from  which  No.  202  was  taken,  lies 
three  quarters  of  a  mile  N.  £.  of  the  Worcester  and  Boston  Rail- 
road Depot,  and  was  opened  and  some  of  it  burned,  during  the 
revolutionary  war,  but  was  subsequently  abandoned;  not  on  account 
of  its  quality,  but  from  the  high  price  of  fuel,  and  the  low  price  of 
lime  in  the  market.  He  says,  also,  that  one  gentleman  has  groimd 
it  for  manure.  The  other  specimen  (No.  206)  of  a  yellowish  color 
and  compact,  was  blasted  from  the  railroad,  not  far  from  the  local- 
ity above  named,  where  it  was  found  in  considerable  quantity.  The 
analysis  shows  that  this  variety  contains  a  larger  proportion  of  silice- 
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ous  and  aluminous  matter.  I  am  indebted  for  the  specimens  in  the 
collection  to  Mr.  Daniel  Adams,  Jr.,  of  Amherst  college. 

The  three  last  specimens  whose  analysis  is  given  in  the  table  (Nos. 
203,  204,  205)  are  those  singular  concretions  occurring  in  our  beds 
of  clay  and  usually  called  claystanes.  Probably  they  will  never  be 
of  much  benefit  to  the  agriculturist,  because  it  is  doubtful  whether 
they  occur  any  where  in  sufficient  quantity  to  be  employed  upon 
land.  In  a  scientific  point  of  view,  however,  they  possess  a  good 
deal  of  interest,  and  if  abundant  enough  any  where,  they  may  be 
used  as  limestone;  for  it  appears  that  they  all  contain  more  than  50 
per  cent  of  carbonate  of  lime. 

A  good  many  other  varieties  of  limestone  might  have  been  ana- 
lysed from  Berkshire:  but  I  have  intended  to  select  the  most  im- 
portant. In  other  parts  of  the  State  I  know  of  a  few  limited  beds, 
which  are  of  so  little  consequence,  that  I  have  neglected  them.*  And 
from  what  I  have  given,  I  think  the  Government  will  be  able  to  form 
a  fair  estimate  of  the  extent  and  value  of  this  most  important  article  in 
the  State.  Had  the  vast  beds  of  it  in  Berkshire  county  been  spread 
over  the  whole  State,  or  could  they,  by  any  mode  of  conveyance, 
be  thus  diffused,  the  supply  for  every  purpose  of  architecture,  mor- 
tar, and  agriculture,  would  be  abundant.  And  I  doubt  not  but  ere 
long  this  will  happen  to  some  extent.  But  without  some  such  means, 
the  supply  in  other  parts  of  the  State  is  scanty.  I  have,  therefore, 
searched  anxiously  for  other  substances,  that  might  answer,  at  least 
to  a  good  degree,  as  a  substitute  for  lime  in  agriculture.  I  have  met 
with  some  success:  and  I  have  a  hope  that,  if  experiments  should  be 
tried  upon  some  substances  which  I  shall  now  proceed  to  point  out, 
they  will  be  found  of  importance. 

6.  Green  Sand. 

This  substance  constitutes  a  large  part  of  what  in  New  Jersey  goes 
by  the  name  of  marl;  and  which,  within  a  few  years  past,  has 
wrought  such  wonders  in  some  parts  of  that  State.  It  is  found  also 
in  Virginia,  and  probably  may  be  found  in  all  the  southern  States, 

*  I  did  not  happen  to  have  any  tpeeimen  firom  the  nameroas  limei tone  beds  in  New- 
bury. 
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dMit  extend  to  the  Atlantic.  In  wj  former  report  I  described  this 
substance  as  forming  a  bed  of  considerable  thickness  at  Gay  Head, 
forming  a  part  of  the  tertiary  formation  there.  I  also  intimated  ia 
the  same  place,  that  probably  it  existed  on  the  continent  at  Dux- 
bury.  This  point  I  determined  if  possible  to  settle  during  the  last 
summer,  and  proceeded  to  Duxbury  accordingly.  And  in  the  ex- 
treme north-westerly  part  of  the  town,  or  rather  for  the  most  part 
within  the  bounds  of  Marshfield,  about  two  miles  southwest  from  the 
seat  of  Hon.  Daniel  Webster,  I  found  the  spot  described  by  Rev. 
Mr.  Kent,  as  given  in  my  former  report.  I  was  surprised  to  find 
the  region  abound  in  low  hills  of  granite,  with  occasionally  a  swamp 
or  small  stream,  being  in  fact,  as  unpromising  a  spot  for  green  sand 
as  I  had  seen  in  the  State.  Yet  here  I  found  that  the  green  sand 
bad  been  thrown  up  from  at  least  three  wells;  one  of  which  (on  widow 
Sprague's  place,)  is  in  Duxbury,  and  the  other  two  in  Marsh6eld, 
near  a  small  stream  called  South  River.  In  the  well  on  Mr. 
Kent's  farm,  (that  described  in  my  former  report  as  in  Duxbury,) 
the  green  sand  was  struck  at  the  depth  of  13  feet  from  the  surface. 
In  the  other,  that  on  the  farm  of  John  Chandler,  Jr.,  it  was  struck 
at  the  depth  of  21  feet;  and  the  bed  was  five  feet  thick.  This  spot 
was  nearly  20  feet  above  South  River;  and  it  occurred  to  me  that 
perhaps  pn  the  margin  of  the  stream  the  sand  might  be  found,  just 
beneath  the  surface.  I  caused  an  excavation  to  be  made  there,  and 
after  passing  through  one  foot  and  a  half  of  black  mud,  and  the  same 
distance  through  yellow  sand  and  gravel  very  much  consolidated,  I 
bad  the  pleasure  of  reaching  the  green  sand.  This  spot  is  perhaps 
15  or  20  feet  above  tide  water.  An  extensive  swamp  extends  from 
this  place  through  the  west  part  of  Duxbury  several  miles,  and  I 
have  reason  to  suppose  the  green  sand  may  be  found  along  its  whole 
extent.  Indeed,  I  strongly  suspect  that  it  may  be  found  abundantly 
along  the  coast  from  Marshfield  to  Plymouth,  and  not  improbably 
also  on  Cape  Cod.  The  general  aspect  of  a  large  part  of  Plymouth 
and  Barnstable  counties  is  very  much  like  the  region  where  this  sub- 
stance occurs. 

The  coloring  matter  of  this  sand  forms  but  a  small  proportion 
of  the  whole  mass  wherever  it  has  yet  been  found ;  yet  it  imparts 
a  decided  green  tinge  to  the  whole.     The  specimens  which  I  ob- 
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tained  at  Marshfield,  however,  coatained  probably  much  less  than 
the  average  quantity  of  the  green  matter.  For  some  of  it  had  been 
exposed  to  the  action  of  rain,  &c,  for  several  years  ;  having  been 
formerly  thrown  out  of  a  well ;  and  that  from  the  excavation  which 
I  made,  was  obtained  only  a  few  inches  below  the  upper  part  of 
the  bed.  The  specimen  in  the  state  collection,  (No.  158,}  bears  a 
stronger  resemblance  to  the  green  sand  found  on  the  continent  of 
Europe,  than  to  that  from  New  Jersey.  It  became  a  point  of  much 
importance  to  identify  this  with  other  green  sands.  This  could  be 
done  only  by  chemistry :  and  I  am  happy  to  be  able  to  present 
here  the  very  accurate  results  of  analysis,  which  Dr.  S.  L.  Dana, 
at  my  request  has  obtained,  whereby  the  identity  of  this  green  sand 
with  those  of  Europe,  is  completely  estabfished. 

^^The  grunsand  from  Marshfield,"  says  he,  ^^  was  treated  as 
follows  to  separate  the  green  particles.  Washed  in  a  large  volume 
of  water,  the  black,  brown,  and  green  particles  subside,  mixed  with 
many  quartzy  grains*  The  grains  form  about  one  half  the  whole 
bulk.  These  grains  were  then  washed  in  a  smaller  quantity  of  water, 
and  the  attrition  caused  the  water,  at  each  successive  washing,  to 
become  ochrey,  and  I  began  to  think  that  I  should  wash  nearly  all 
away.*  I  then  treated  the  grains  with  dilute  muriatic  acid — washed 
them  anew,  dried  and  passed  them  through  a  sieve.  The  whole 
looked  like  mustard  seed,  with  a  few  light  green  particles  here  and 
there  among  the  black,  green,  and  broWn  particles  of  quartzy  grains. 
Pulverised,  the  whole  becomes  ochre  brown.  It  was  dried  at 
212^,  and  the  analysis  conducted  as  usual,  gave — 

Water 6.60 

Black  oxide  Iron  (ferroso-ferrique  of  Berzelius,}  64.944 

Alumina 4.372 

Silex 23.0 

Lime 0.536 

Magnesia 0.648 


100. 

*  The  specimen  which  I  sent  Dr.  Dana,  had  probably  lain  apon  the  turfaee  of  ibe  grwmd 
tor  several  years,  and  the  iron  bad  most  likely  become  somewhat  peraxidized." 

10 
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'^  The  earths,  if  silicates,  will  require  4.721  silex ;  and  on  no 
supposition  will  the  remaining  silex  and  water  convert  the  iron  into 
a  hydrated  silicate.  Hence  the  iron  is  not  combined  with  the  silex, 
but  exists  as  a  hydrated  oxide  of  iron.  The  composition  will  then 
be  ;  free  silex,  18.289  ;  hydrated  oxides  of  iron,  71.444  ;  silicates 

alumina,  4.372    ,         lime,  .636       magnesia,  .648 

**"  ^iiex;  3:886  "^  ^'  silex,  .316  "^  iilex;  IdlQ  ""  ^^•^''• 
If  we  allow  the  hydrated  iron  to  be  mixed,  a  portion  with  the  above 
silicates,  except  the  lime,  which  Berthier  and  Turner  did  not  find 
essential  in  their  analyses  of  the  coloring  matter  of  green  sand,  we 
have  a  small  portion  of  this  coloring  matter  mixed  with  a  large  por- 
tion of  hydrated  oxide  of  iron.  Only  about  6  per  cent  of  the  whole 
is  green  sand,  similar  in  its  composition  to  that  examined  by  the  late 
Professor  Turner,  as  stated  in  Dr.  Fitton's  ^^  Remarks  on  die  Strata 
below  the  chalk,  &c.,  in  the  south  east  of  England  ;''  p.  108. 

In  a  subsequent  letter.  Dr.  Dana  gives  the  result  of  his  analysis  of 
the  green  sand  from  Gay  Head,  of  which  No.  72  in  the  state  collec- 
tion, in  the  rooms  of  the  Boston  Natural  History  Society,  is, an 
example.  This  gives  a  better  idea  of  the  ordinary  appearance  of 
this  substance  than  the  specimen  from  Marshfield. 

'^  I  have  finished  the  Vineyard  green  sand.  It  is  very  near  the 
results  of  Turner.  I  washed  the  whole  in  water,  poured  off  the 
light  part,  washed  tlie  remainder  repeatedly,  reserving  the  washing, 
which  let  fall  a  fine  powder  of  a  decided  green  tinge,  feeling,  when 
dry,  under  the  pestle,  like  soapstone  powder.  The  residuary  quartzy 
grains  were  rejected,  a  few  fine  green  particles  among  them.  The 
second  portion  alone,  was  taken  as  the  best  sample  of  coloring 
matter,  and  gave — 

Water 7.000 

Silica 56.700 

Alumina            13.320 

Oxide  of  Iron 20.100 

Lime 1.624 

Magnesia 1.176 

Manganese,  traces,  and  loss         .        •  •      .  0.08O 

100. 
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^'  The  water  and  iron  are  nearly  the  same,  the  almnina  the  mean, 
and  the  silica  about  6  per  cent  more,  than  the  analysis  of  Turner  and 
Berthier.    No  doubt  therefore  it  is  a  true  green  sand." 

The  above  analyses  do  not  give  the  actual  per  cent  of  this  green 
substance  in  the  soil  where  it  is  found,  though  it  evidently  cannot 
form  a  large  proportion.  But  this  is  not  necessary  in  order  that 
very  decidedly  good  effects  should  result  from  its  use  in  agriculture. 
The  following  extract  from  the  report  of  Professor  Henry  D.  Ro- 
gers, on  the  Geology  of  New  Jersey,  bears  on  this  point  as  well  as 
upon  the  general  value  of  green  sand  in  the  cultivation  of  the  soil. 

^'When  we  behold,"  says  he,  ^^a  luxuriant  harvest  gathered 
from  fields  where  the  soil  originally  was  nothing  but  sand,  and  find 
it  all  due  to  the  use  of  a  mineral  sparsely  disseminated  in  the  sandy 
beach  of  the  ocean,  we  must  look  with  exulting  admiration  upon  the 
benefits  upon  vegetation,  conferred  by  a  few  scattered  granules  of 
this  unique  and  peculiar  substance.  The  small  amount  of  green 
sand  dispersed  through  the  common  sand,  is  able,  as  we  behold,  to 
effect  immeasurable  benefits  in  spite  of  a  great  predominance  of  the 
other  material  which  we  are  taught  to  regard  as  by  itself  so  generally 
prejudicial  to  fertility.  This  ought  to  exhibit  an  encouraging  picture 
to  those  districts  not  directly  within  the  limits  of  the  marl  tract, 
where  some  of  the  strata  possess  the  green  substance  in  sensible 
proportion.  It  expands  most  materially  the  limits  of  the  territory 
where  marling  may  be  introduced  and  points  to  many  beds  as  fertil- 
izing, which  otherwise  would  be  deemed  wholly  inefficacious." 

In  another  place  of  his  most  valuable  Report,  Prof.  Rogers  says, 
that  ^'  Mr.  WooUey  manured  a  piece  of  land  in  the  proportion  of  two 
hundred  loads  of  good  stable  manure  to  the  acre,  applying  upon  an 
adjacent  tract  of  the  same  soil  his  marl  in  the  ratio  of  about  twenty 
loads  per  acre.  The  crops,  which  were  timothy  and  clover,  were 
much  the  heaviest  upon  the  section  which  b^d  received  the  marl,  and 
there  was  this  additional  fact  greatly  in  iavor  of  the  fossil  manure  over 
the  putrescent  one,  that  the  -soil  enriched  by  it  was  also  entirely  fret 
of  ueedsj  while  the  stable  manure  had  rendered  its  own  crop  very 
foul."  Placing  the  home  value  of  the  farm  yard  manure  at  one  hun- 
dred cents  for  each  two  horse  load,  and  that  of  the  marl  at  twenty^five 
cents  per  load,  we  have  the  expense  of  manuring  one  acre  200  dol? 
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lars,  of  marling  the  same  5  dollars/'  '^  Land  which  had  been  sold 
at  2i  dollars  per  acre,  in  consequence  of  the  permanent  increase  id 
its  fertility  from  the  marl,  is  now  worth  S7  dollars  the  acre." 

There  is  one  fact,  however,  that  will  throw  a  doubt  over  the  prob- 
able utility  of  this  substance  in  Massachusetts.  By  taking  the  aver- 
age of  eight  very  accurate  analyses  of  the  New  Jersey  green  sand,  as 
given  by  Prof.  Rogers,  we  find  that  it  contains  lOpercentof  potassa. 
Mr.  Seybert's  analysis  gave  nearly  the  same  amount,  and  Mr.  A .  A. 
Hayes  informs  me  that  in  two  varieties  analysed  by  himself,  he  found 
7  per  cent  of  dry  oxide  of  potassium.  But  only  a  trace  of  potassa 
was  found  by  Dr.  Dana  in  the  Massachusetts  green  sand,  which,  in 
this  respect,  compares  with  the  English  green  sand  analysed  by 
Prof.  Turner.  Now  Prof.  H.  D.  Rogers  imputes  the  value  of  this 
substance  in  agriculture  almost  exclusively  to  the  potassa  which  it 
contains ;  and  no  chemist  will  doubt  but  that  this  ingredient  will  exert 
a  very  salutary  influence  upon  soil.  Yet  there  are  other  ingredients 
in  the  green  sand,  which  some  will  suppose  may  increase  its  fertilizing 
power.  One  of  these  is  the  protoxide  of  iron,  whose  quantity  is 
large,  and  which  Prof.  William  B.  Rogers,  of  Virginia,  supposes 
may  be  of  service,  by  its  alkaline  character,  upon  vegetation.  This 
view  will  receive  confirmation  by  some  facts  and  reasonings  that  will 
be  presented  when  I  come  shortly  to  speak  of  the  applioation  of  clay 
in  agriculture.  It  is  probable,  also,  that  the  lime  and  magnesia  in 
the  Massachusetts  green  sand,  may  aid  in  a  similar  way.  That  all 
the  good  e&cts  of  this  substance  upon  soil  in  New  Jersey  cannot 
be  imputed  to  the  potassa,  seems  probable,  from  the  fact  that  granite 
and  gneiss  contain  quite  as  large  a  proportion  of  potassa,  and  when 
spread  in  a  powdered  or  decomposing  state  upon  the  soil,  ought, 
therefore,  to  fertilize  as  much  as  the  green  sand  ;  especially  as  Mr. 
Hayes  informs  me  that  the  New  Jersey  green  sand  ^^  decomposes  in 
nitric  acid  slowly,  being  less  soluble  than  some  feldspars."  But 
there  is  no  evidence  that  the  good  efiects  of  the  granite  and  gneiss 
are  as  great  as  those  of  the  green  sand  ;  and  hence  we  must  caU  in 
the  aid  of  some  other  ingredient  to  explain  its  fertilizing  power. 

I  do  not,  therefore,  despair  of  our  green  sand  in  agriculture.  It 
certainly  deserves  a  fair  trial,  when  we  consider  what  a  change  this 
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substance  is  producing  in  much  of  the  poorest  land  in  New  Jersey 
and  Virginia.  It  would  be  very  easy  to  obtain  an  abundance  of  it  at 
Gay  Head,  where  it  occurs  in  great  quantities,  towards  the  north  end 
of  the  cliff.  Or  I  doubt  not  but  it  may  be  found  in  many  places 
along  the  coast  in  Barnstable  and  Plymouth  counties,  a  few  feet  be- 
ileath  the  surface,  in  the  lowest  places.  Very  likely  a  little  research 
may  bring  to  light  varieties  that  contain  potassa ;  and  should  this  be 
the  case,  the  change  that  might  thereby  be  produced  in  the  agricul- 
ture of  the  south-east  part  of  Massachusetts,  can  hardly  be  calculated. 


7.    Clat  in  Agriculture. 

There  is  abundant  evidence  that  our  common  clays  are  of  great 
value  when  spread  upon  land.  I  find  that  they  have  been  used  to  a 
considerable  extent  in  the  state  ;  so  commonly,  indeed,  that  I  aban- 
doned the  idea  I  had  formed  of  giving  a  detailed  account  of  particu- 
lar instances.  So  far  as  my  inquiries  have  extended,  the  testimony 
is  decided  that  our  blue  clays  exert  a  very  favorable  effect  upon  the 
soil.  When  spread  upon  sandy  ground  we  might  expect  that  they 
would  render  it  a  better  resevoir  for  salts  and  gcine.  But  thorough- 
ly to  ameliorate  our  sandy  soils  in  this  way,  requires  far  more  clay 
than  b  usually  employed,  and  I  am  perfectly  convinced  that  they 
exert  other  than  a  mechanical  influence  ;  that  in  fact,  their  effect  is 
analogous  to  that  of  lime.  I  refer  here  to  the  blue  clays  which  are 
far  the  most  common.  As  to  the  white  clay  I  have  not  learnt  its 
effect  upon  the  soil ;  but  from  the  fertility  of  some  of  the  soils  in 
Kingston,  Plymouth,  and  Barnstable,  where  white  clay  is  mixed  na- 
turally with  sand,  I  presume  this  sort  is  equally  valuable  with  the  blue. 

In  view  of  the  wide  extent  of  our  beds  of  clay,  and  the  use  that  might 
be  made  of  it  upon  land,  I  felt  desirous  to  ascertain  to  what  principle 
it  owes  its  fertilizing  powers ;  and  therefore  subjected  a  few  specimens 
to  analysis  in  the  ordinary  way  by  solution  in  alkali.  The  following  are 
the  results.  I  omit  however  certain  white  clays,  which  I  found  des- 
titute of  iron,  and  therefore  probably  not  very  likely  to  be  of  much 
value  upon  land.  But  for  other  purposes,  of  which  I  shall  speak 
shortly,  they  are  of  a  good  deal  of  imporUnce. 
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Analysis  in  the  Dry  way  by  Jllkali. 


No. 


Locality. 


Is. 

k.  B  • 

>o9 


i 


i 

8 

5 


I- 


I 


ii 


ld9Nortbfield;  blue.    . 
140 Sunderland;  light  blue. 

143 Kingston;  white.  •    • 
143 Lowell;  white.      .    . 


las 

3.5 

4.0 


46L93 
49.00 

71.00 
61.52 


28.97 
90.15 

16.30 
20.50 


9^ 

lai 

7.3 
9.2 


0.15 

0^ 
0JS6 


dight 
precip. 

do 

0.56 


a4 

03 
0.44 


29 

L3 
3.32 


I  tried  some  of  our  blue  clays  also,  for  geioe ;  but  in  general  they 
yielded  only  very  little,  and  perhaps  none.  For  so  strongly  do 
they  retain  water,  that  not  improbably  all  the  loss,  especiaOy  of  solu- 
ble geine,  might  have  been  imputed  to  this  substance,  which  bad  not 
been  all  expelled  by  a  heat  of  300^  F.  ;  and  then  the  peroxidatioa 
of  the  iron  by  ignition,  renders  this  method  of  analysis  quite  uncer- 
tain. I,  therefore,  omit  the  results  ;  only  observing,  that  the  amount 
of  sulphate  and  phosphate  of  lime  obtained,  was  about  the  same  as  'm 
good  soils.  I  therefore  suspect  that  we  must  impute  roost  of  the 
good  effects  of  clay  as  a  manure  to  the  large  quantity  of  iron  which 
it  contains.  On  this  point,  however,  I  will  present  some  sugges- 
tions of  Dr.  Dana,  with  which  he  has  kindly  favored  me. 

''  If  we  attempt,'*  says  he,  ^^  to  account  for  the  action  ofcUsy^,  in- 
dependent of  its  amending  a  sandy  soil,  we  should  bear  in  mind  that 
all  our  common  clays  contain  more  or  less  of  sulphuret  of  iron.  The 
conversion  of  this  into  the  pei*sulphate  of  iron  Is  the  natural  conse- 
quence of  exposure  :  free  sulphuric  acid  then  results,  which  acts  on 
any  lime  in  the  soil,  forming  sulphate  of  lime :  (the  Gay  Head 
crystals  of  sulphate  of  lime  are  so  formed:)  so  that  by  spreading  clay, 
we  spread  plaster.  The  iron  in  clay  also  plays  its  part  thus.  It  is 
evident  from  CbaptaPs  experiments,  that  protoxide  of  iron  is  not 
beneficial  in  agriculture.  He  attributes  this  to  the  oxidation  of  the 
iron,  depriving  the  plant  of  its  intended  oxygen.  Nature  is  no  nig- 
gard ;  nor  is  the  reason  of  Chaptal  very  philosophical.  '  We  have 
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seen  above  that  protoxide  of  iron  does  not  act  on  geine.  Now  by 
exposure,  the  protoxide  becomes  peroxide ;  and  then,  I  conceive 
begins  an  action  similar  to  that  of  lime.  If  the  free  sulphuric  acid, 
produced  as  we  have  supposed,  finds  not  lime  enough,  it  will  decom- 
pose all  earthy  geates,  and  thus  a  fresh  portion  of  nutriment  is  set  at 
liberty.  Both  the  effects  of  clay — the  production  of  .plaster  and  the 
formation  of  peroxide  of  iron,  are  speedily  produced  by  burning  the 
clay,  as  is  often  practised."* 

Still  more  recently.  Dr.  Dana  adds  the  following  :  ^^  Some  facts 
have  lately  come  under  my  eye,  and  have  recalled  others  to  mind, 
which  I  have  followed  up  experimentally ;  all  tending  to  show,  thai 
if  iron  peroxidaUs  Osdf  in  contact  with  vegeiabU  fibrCy  the  texture 
of  the  veget(J)le  fibre  is  toeakened^  and  geine  is  produced,  and  that  in 
a  few  hours.  It  is  during  the  passage  from  protoxide  to  peroxide 
that  the  ^  saponifying '  action  tahe^  place^  geine  is  produced,  and 
then  eonibinss  with  peroxide. ' ' 

In  the  few  analyses  which  I  have  given  above  of  our  clays,  I  have 
considered  all  the  iron  in  them  as  existing  in  the  state  of  protoxide  ; 
although  I  made  no  attempt  to  ascertain  whether  some  of  it  might 
not  be  a  peroxide.  Very  probably  this  may  to  some  extent  be.  the 
case  :  especially  where  the  clay  has  a  yellowish  tinge.  Yet  for  the 
most  part,  I  doubt  not  it  is  a  protoxide.  A  slight  error  here  cannot 
affect  the  reasoning  above  presented. 

I  hope  our  farmers  will  make  more  numerous  and  accurate  exper- 
iments upon  the  use  of  clay  as  a  manure ;  not  merely  upon  sandy 
land,  but  following  the  suggestions  of  Dr.  Dana,  upon  other  soils,  in 
the  expectation  that  its  action  will  be  analogous  to  that  of  lime.  Pro- 

*  The  agency  of  gBine  io  Uie  fennentation  of  manure  it  thus  explained  by  Dr.  Dana  with 
his  usual  eleamess  and  felicity. 

"  By  fermeDtiag  dun§^  rest  Tolumes  of  ammonia  are  liberated.  I  do  not  think  that  it  is 
the  action  of  gases  as  such,  which  we  want  or  which  nature  intends  as  food  of  plants  to  be 
derived  from  the  soil.  The  air  is  always  full  of  all  which  this  fermenting  manure  can  sup- 
ply in  a  gaseous  form.  The  true  actions  of  ammonia  aad  carbonic  acid  resolve  info  their 
effects  on  geine.  The  ammonia  combines  as  alkali  with  that,  and  thus  it  becomes  very  so- 
luble, and  the  carbonic  acid  produces  sur-salts  of  the  earthy  geates  of  lime  and  magnesia. 
It  is  these,  liberated  the  moment  the  plant  demands  them,  which  cause  all  the  geine  of  the 
manure  to  become  alealine  soluble  geates." 

"  How  wide  is  the  inlieence  of  geine !  It  not  only  enters  by  itself  into  the  food  of  vege- 
tables but  becomes  the  very  solvent  which  nature  has  proposed  to  act  on  the  alealine  earths 
and  oxides,  dissolving  tliem  as  they  are  liberated  from  decomposing  granitic  saud." 
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bably,  the  best  clay  for  this  purpose  occurs  in  the  valley  of  the  Cod- 
necticut  river  ;  but  it  abounds  in  almost  every  part  of  the  state,  and 
perhaps  it  may  in  a  good  measure  supply  the  deficiency  of  lime.  It 
will  of  course  require  to  be  laid  on  in  much  greater  quantity  than 
marl,  and  probably,  as  in  the  case  of  marl,  too  much  may  be  used. 
How  much  ought  to  be  used  is  a  fair  subject  for  experiment. 

8.    Decomposing  Feldspathic  and  Micaceous  Rocks. 

Feldspar  and  mica  contain  quite  a  large  proportion  of  potassa;  a 
substance  well  known  to  be  valuable  in  agriculture.  And  these  min- 
erals constitute  a  large  proportion  of  several  of  our  most  common 
rocks,  such  as  granite,  sienite,  greenstone,  porphyry,  gneiss,  mica 
slate,  and  graywacke.  Hence  we  might  predict  that  these  rocks, 
recently  decomposed  or  reduced  to  fine  powder,  would  form  a  good, 
dressing  for  land;  especially  when  we  recollect  that  the  same  rocks 
contain  a  fair  proportion  of  iron.  Now  some  varieti^  of  them  are 
very  liable  to  decomposition:  and  when  partially  crumbled  down,  if- 
ground  in  a  plaster  mill,  they  will  be  brought  into  a  proper  state  for 
such  a  use.  These  suggestions,  however,  are  more  the  result  of 
theory  than  of  actual  experiment:  although  such  a  use  of  powdered 
rock  has  sometimes  been  made  and  found  of  value.  Indeed,  an  ex- 
ample of  the  good  effects  of  decomposing  gneiss  upon  cultivation 
was  pointed  out  to  me  in  the  south  part  of  Athol:  and  No.  100 
presents  a  specimen  of  this  substance,  obtained  nearly  a  foot  from 
the  surface  in  a  ploughed  field,  but  not  below  the  point  to  which 
geine  had  penetrated;  as  appears  from  the  analysis.  Yet  as  this  is 
insoluble  it  could  not  affect  the  vegetation  but  slightly.  The  salts  of 
lime  also  are  not  in  large  proportion,  and  very  probably  its  good 
effects,  which  were  not  represented  as  great,  may  have  chiefly  re- 
sulted from  the  liberation  of  potassa  from  the  mica  and  feldspar. 

Now  there  is  a  great  deal  of  partially  decomposed  rock  in  the 
formations  of  this  State,  which  havis  been  named  above,  and  they 
constitute  at  present  the  most  barren  spots  in  our  soils:  because  they 
are  not  reduced  fine  enough  to  form  a  good  soil;  or  because  they  are 
too  strongly  impregnated  with  stimulating  salts.  Perhaps  if  spread 
over  soils  already  containing  geine,  they  might  operate  favorably  up- 
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on  crops.  At  leasts  it  seems  to  roe  there  is  so  much  plousibilitj  in 
the  theoretical  su^estions  above  made,  that  it  would  be  desirable  to 
make  this  experiment  on  a  small  scale,  since  it  is  so  easy,  even  if  it 
be  necessary  to  reduce  the  crumbling  rock  to  powder  in  a  mill. 

9.     Htdrate  of  Silica. 

In  describing  oiur  marls  I  have  already  given  some  account  of  this 
peculiar  substance.  In  its  purest  state,  as  it  exists  in  No.  157  from 
Spencer,  it  b  difficult  to  distioguish  it,  except  by  chemical  tests, 
from  carbonate  of  magnesia,  which  it  exceedingly  resembles  in  its 
color,  levity  and  taste.  When  mixed  with  some  vegetable  matter, 
as  in  Nos.  169,  170,  171  from  Barre,  Andover,  and  West  Bridge- 
water,  its  color  is  darker.  It  occurs  in  many  parts  of  the  State  in 
swamps,  beneath  pea^  matter,  especially  in  the  extensive  gneiss  re- 
gion of  Worcester  county.  And  as  it  has  often  been  mistaken  for 
marl,  it  has  been  frequently  applied  to  land.  I  should  not  expect 
froQi  its  nature  that  any  important  effect,  good  or  bad,  would  result 
from  it;  for  in  its  pure  state  it  is  little  else  than  a  hydrate  of  silica; 
that  is,  water  and  silica,  as  the  following  analysis  of  No.  157  will 
show. 

Water         ......         10.00 

SUica 86.46 

Alumina 2.96 

Oxide  of  Manganese          ....      0.28 
Magnesia 0.30 


100.00 
I  can  hardly  conceive,  that  this  substance  in  a  pure  state  should  be 
of  much  use  in  agriculture;  and  yet  I  have  had  testimonies  of  such  a 
character  to  its  value,  that  there  can  be  no  doubt  but  it  is  a  fertilizer 
of  considerable  importance,  especially  when  obtained  from  beneath 
peat.  It  occurs  abundantly  in  the  State  of  Maine,  as  well  as  in 
most  other  parts  of  New  England;  and  Dr.  C.  T.  Jackson,  the 
Sute  Geologist  of  Mune,  m  a  private  letter  remarks  as  follows: 
*<  It  is  a  curious  fact  that  this  subsUnce,  so  abundant  under  our  peat 
bogs,  acts  as  a  fertilizer  to  dry  soib.  Its  action,  I  suppose,  is  par- 
11 
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fUfy  Aw  fo  its  hf groai6lrio  pMptiitM,  and  partljr  to  iu  imUbiag  the 
juieci  of  peal.  It  does  not  ceniaiii  inj  Rrm,  but  h  a  sort  of  sificeocB 
marlf  ff  I  lOffjr  so  ctll  it.'^  * 

Mr.  AlooBO  Gray,  to  whom  1  ntn  mieined  for  the  apeeimen  from 
Andoyer,  says:  ^^  I  have  found  this  substance  in  three  places:  io 
one  of  them  on  the  surface,  io  the  others  beneath  peat.  One  of  the 
beds  covers  a  surface  of  six  acres.  The  peat  upon  the  top  is  frona 
9  to  #  feet  tbickt  ibeo  9«eoeod»  a  vegetable  subatanco  mixed  with 
fMne  earthy  depoaito,  from  one  (o  two  fSret,  then  the  supposed  mari, 
15  feel  in  depth*  Tbo  suhsiaoeo  im«iediateiy  under  the  marl  is 
worth  about  ono  half  aa  much  as  nvaiinra  hr  land;  nd  has  been  used 
eottsiderably  kft  that  puifose.  A  amal)  quantity  of  the  substance 
tiddev  this  was  usod  on  hod  the  !aet  year:  but  not  in  suflicienc  qomn 
tity  to  test  its  use.  The  geadeiMn  who  owos  the  land,  bes  dug  out 
a  kiigo  ^oaaiity  wkh  the  ioteotioo  another  year  of  giriog  it  a  fair 
trial.*'  Probahiy  the  stratum  which  Mr.  Gray  describes  as  imroedi- 
itoly  under  tho  peat,  is  a  mittu^e  of  this  hydrate  of  silica  and  geme 
derived  from  the  peat;  and  hence  its  fertiliung  etiS^ets.  And  I  pre- 
sume that  wherever  this  hydrate  is  dug)  that  wiR  he  (bund  best  which 
lies  nearest  to  the  peat.  I  might  mention  other  cases  in  which  it  has 
been  successfully  applied  to  land:  but  my  principal  object  is  to  caH 
the  attefttfon  of  our  intdligent  citizens  to  the  substance.  Its  situa- 
tion in  swamps,  its  levity  when  dry,  and  its  not  efierveseing  with 
acids,  Wilt  enable  any  one  to  distinguish  it  from  anaiogO(|S  substan- 
ces.f 

*  There  has  beeo  great  conlusiQii  in  the  me  of  the  term  nari,  and  doubclett  it  has  often 
been  applied  to  tabstances  that  contained  no  carbonate  of  lime ;  although  its  tcientifie  oae 
it  now  limited  \0  a  mixture  of  caiiionate  of  lime  and  clay.  We  want  yerj  much  a  name 
%r  s#i%ral  ivbetaaeea^  anaJogontf  to  that  dMoribed  above.  Why  not  rail  that  friable  rab- 
■tance  in  which  silica  predominates,  HUeeout  marl;  that  in  which  clay  predominates,  ahmd' 
Soiu  marl:  that  in  which  iron  predominates,  femtgimui  marl:  that  in  which  lime  predom- 
iMMMi  Mkamoiit  mafl^  nndlbniin  %Hficil  grain  ttud  pndmnoaSUf  green  soMd  marlf 

t  Fox  the^speeimaa*  Ma  110,  fran  Bm^  I  an  indebted  t»J|r*  A.  Jephios,  of  dMipla^ ; 
and  for  No.  171,  from  West  fifidgewater,  to  John  C.  Howard,  Esq.,  on  wbosc  farm  it  was 
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Hanring  now  poioted  out  Ibi  sUuatipa  aod  yaliie,  $o  ikr  as  |(Bopm, 
or  all  ibe  calcareous  depositoa  io  tbe  Stata  that  caD  be  i|]tplied  to 
agriculture^  and  of  other  substaaees  wboae  actios  on  soik  if  some- 
vfbit  analogous  to  tbat  of  iime,  the  next  grand  inquiry  is,  wbttber 
there  are  any  sources  in  jthe  earth  from  which  additional  quantities  of 
geine  xsan  be  obtained,  or  matters  convertible  into  geioe.  I  pass  hf 
the  whole  list  of  common  manures,  presuming  tbat  they  wiU  be  ful^ 
discussed  by  the  Agricultural  Surveyor.  And  I  shall  merely  wnUCfi 
the  natural  sources  of  vegetable  outrimeot  witbio  our  limits. 

Peat  Smamps. 

The  peat  swamps  of  Jfew  Xaa^land  have  beoome  a  vast  i^poaitarjr 
of  oi^ganic  matter,  wiuoh  isi  and  has  boeiii  /or  ages  iiicreasiqg»  In 
addition  to  the  larger  vc^gelables,  nvluGhi  as  they  die,  fall  and  tie  en- 
veloped io  the  soft  matter  on  which  they  grew,  there  is  a  thick  joat 
of  moss,  which^-especialfy  die.  spbi^um — cootinue?  to  flourish  at 
the  upper  part  while  the  lower  part  dies  and  decays.  In  iavoraUo 
circumstances  as  to  vet  and  temperature,  this  mass  of  vegetable 
matter  becomes  converted  into  peat.  Only  a  small  part,  howevdsr, 
of  whai  is  thus  accumulated,  becomes  peat  of  such  a  character  dwt 
it  answers  weU  for  Cuel.  Often  it  is  too  muchauxed  with  mud  to  be 
easiiy  bomt,  and  sometimes  the  vegetable  fibre  is  ee^reeiy  ebaeg^d. 
Yet  the  whole  of  it  is  capable  of  beiiig  converged  into  vegetiUe  <m- 
triment.  And  I  am  cooviaced,  from  all  that  I  have  seeo  and  beard, 
tbat  Massachusetts  oootains  enough  of  this  geine  i^d  vegetable  Sb^ 
in  her  swamps,  to  render  all  her  fields  fertile  for  centuries.  In  other 
words,  here  is  an  exhaustleas  soorce  of  geine.  Some  of  k  i$  ^eady 
in  a  soluble  slate;  and  therefore  the  black  matter  ttma  swampe*  Is 
iiu'ely  spread  upon  soils  without  psoduoing  tsosae  benefit.  Yet  Ar 
the  moat  part  tlie  geioe  is  in  such  a  state  as  to  jrequire  some  lebemi- 
cal  change  before  it  will  beopme  sokUe  nvtriment,  fit  to  he  abaorb- 
ed  by  roots.    It  is  an  in^ortaot  inqitifl7  ihen,  what  is  the  best  mode 
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of  aceompliBhiog  this  cbaoge.  This  his  beeo  attempted,  fint,  bjr 
mixing  the  peatj  matter  with  good  manure  in  alternating  hiyers,  and 
iuffering  them  to  ferment  for  a  long  time,  the  peat  being  in  much  the 
greatest  quantity.  Secondly,  hj  mixing  it  in  a  similar  manner  with 
lime;  and  thirdly,  by  mixii^  it  with  alkali,  or  some  compound  con- 
tainuig  alkali.  The  prmciples  respecting  geine  which  have  beeo  ad- 
vanced in  this  Report,  will  probably  enable  us  to  decide  as  to  the 
preference  to  be  given  to  any  one  of  these  methods.  And  here  I 
have  it  in  my  power  to  ^ve  the  opinion  of  Dr.  Dana,  whose  re- 
marks I  am  always  happy  to  substitute  for  my  own,  on  a  subject 
with  which  he  is  so  familiar,  and  which  he  has  done  so  much  to  elu- 
cidate. 

<^  The  fact,"  says  be,  *^  that  peat  or  turf  is  very  soluble,  in  alka- 
li, seems  not  to  be  known  among  our  farmers.  The  usual  practice 
of  mixing  lime  with  peat  or  turf  is  decidedly  the  worst  which  can  be 
followed.  The  geine  which  constitutes  a  laige  part  of  peat  bogs, 
forms  with  lime  a  compound  little  soluble  in  water,  requiring  at  least 
SOOO  parts  of  water  to  one  of  geate  of  lime:  and  if  the  compound  has 
been  dryed  and  sun*baked,  a  still  laiger  portion  of  water  is  required: 
it  becomes,  in  truth,  almost  insoluble.  With  alumina,  geine  forms  a 
compound  still  more  insoluble  than  with  lime;  and  though  the  vegeta- 
ble matter  m  combinadon  with  these  earthy  bases,  is  actually  absorb- 
ed by  the  roots  of  growing  plants,  still  the  geine  is  in  a  state  much 
less  favorable  than  when  in  combinadon  with  alkali.  Mix  ley  of  wood 
ashes  with  peat,  and  we  form  a  dark  brown  vegetable  soludon:  the 
alkaline  properties  are  completely  neutralized  by  the  gebe,  and  very 
often  ammonia  escapes  from  turf  when  treated  by  causdc  alkali.  When 
we  add,  that  thb  geine  absorbs  and  retains  nearly  its  own  weight  of 
water  without  seeming  moist,  it  is  evident,  that  with  the  use  of  ley  or 
wood  ashes,  the  value  of  peat  as  a  manure  will  be  very  much  increas- 
ed." 

I  will  only  add,  that  in  my  opinion  it  would  be  very*desirable  to 
have  a  series  of  experiments  performed  by  a  pracdcal  chemist  upon 
the  different  varieties  of  our  peat,  and  especially  upon  the  best  mode 
of  converting  it  into  soluble  geine.  Since  by  the  old  methods  of 
analysis  the  different  varieties  of  peat  would  be  found  to  di&r  from 
one  another  only  in  the  quantity  of  organic  matter  which  they  contain, 
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I  supposed  it  would  be  useless  to  analyse  them,  and  therefore  did  not 
collect  specimens  of  the  peat  and  other  vegetable  matters  that  occur 
in  our  swamps.  The  doctrines  respecting  geine  put  a  new  aspect 
upon  the  case,  and  lead  me  to  regret  that  such  a  collection  was  not 
made.  The  labor  of  doing  it  now,  however,  is  small;  and  when  it  is 
considered  what  an  immense  mass  of  organic  matter  now  lies  useless 
in  our  swamps,  while  the  fields  around  them  yield  but  a  scanty  crop, 
and  that  the  chief  reason  why  our  farmers  make  so  limited  a  use  of 
this  manure,  is,  that  they  find  it  difficult  to  convert  it  into  soluble  nu- 
triment, I  sincerely  hope  that  the  government  will  do  all  in  its  power 
to  bring  into  use  this  important  part  of  our  fossil  resoivces. 

Geic  C<mpatmd.  (Apothemlte.) 

On  the  farm  of  Col.  Moultoo,  in  the  south-west  part  of  Newbury, 
seven  miles  from  Newburyport,  occurs  a  peculiar  substance,  which, 
at  first  view,  is  pronounced  to  be  a  sort  of  peat;  but,  on  applying 
heat,  it  is  found  to  be  something  quite  difiereni.  Its  color  is  a  deep 
brown,  hardly  to  be  distinguished,  when  in  mass,  from  black.  When 
wet,  it  is  soft  and  unctuous,  and  exhibits  some  degree  of  elasticity; 
when  sundried,  it  becomes  quite  hard,  and  receives  a  polish  from 
hard  substances.  Before  the  blow-pipe,  the  coloring  matter  disap- 
pears and  a  white  enamel  is  formed.  From  an  accurate  and  very 
satisfactory  analysis  which  Dr.  Dana  has  made  of  this  substance,  it 
appears,  so  far  as  I  know,  to  be  a  new  and  undescribed  compound. 
His  analysis  is  as  follows: 

Water, 13.600 

Geine, 19.625 

Silex, S6.908 

Alumina,  19.197 

Peroxide  of  Iron, 8.826 

Sulphat  of  Lime,         ....           1.542 
Magnesia,  402 


Speci6c  Gravity,  2.08    .  .         •        .      .      100. 

^^  The  earths  and  oxides,"   he  remarks,    ^^  are  such  as  we  might 
expect  from  the  decomposition  of  trap  or  greenstone:  the  geine,  I 
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pKtiiimi  liM  beea  gnwhiaUjr  deposited  fiwi  die  eolatira  ef  F^^etaUe 
awuer  ia  water.  It  liit  pgeoipiimd  cfaie%  ki  combtpttiop  wkh 
peroxide  of  iroo,  fomieg  ptrjgtie  ^  Mfi»  The  snlphetp  of  fime 
M  doubtless  derired  froia  veetteble  decoMpositioQ*  It  eetero  lofgely 
into  ibe  composition  of  tfas  grasses;  eed  ell  oor  weterst  wbetber  of 
poods*  rivers,  or  sprites,  cofMab,  so  iar  es  I  beve  essmiood^  tmees 
of  $ulphete  of  lioae.  The  Meek  ooloriD|;  soetter,  or  geioe,  is  roedily 
soluble  ia  carboaated  or  caiistie  alkali:  sod  keeptng  tbis  fact  io  Fiow, 
I  tbtak  tbat,  mixed  wkb  wood  asbos,  tfae  abere  sobslaoce  will  Cbrm 
a  V017  raluable  enaaure,  pertioMhrijr  wbere  tbe  soil  is  l^bt  and  sandjr. " 

Tbis  geic  oompouod  at  ibe  locality  d»ve  oamed,  foroK  a  lajer 
from  six  to  eight  inches  thick,  and  sometimes  more,  over  several 
acres  of  a  deep,  basia-ebaped  cavitj^  which  is  nevertheless  dry 
enough  to  plough.  It  did  not  seem  to  exert  anj  fertilizing  efiecc 
vpoii  tbe  soil  10  that  ftaeot  but  jalher  tbe  lererso,  tbou^  oo  this 
poifltl  aaade  00  ioquiries.  Bui  probabljr  lie  geioe  is  too  sMagl^ 
bound  to  tfae  tron  SAd  aboMoa  to  be  girca  up  srithoot  tbe  actMi  of 
an  alkali.  Dr.  Antboajr  Xoms  <of  Neirbtir)rpoct  informs  me,  that  be 
koows  of  two  other  pkces  where  tbis  subslSBoe  »  ibmd;  one  of 
which  is  00  tbe  north  side  of  jKbrrimack  iwer,  in  Amesborjr*  In* 
deedi  iheie  iS4srer]r  teasoo  to  bdieve,  chat  it  wil  be  found  in  manr 
places  in  Eases  count  j,  <wbere  sieoise  prevails,  and  it  msjr,  tberrfiMre, 
beeome  aa  olgeot  of  no  small  iaiereat  ia  agrieullHre. 

The  astonishing  power  of  this  siibsuace  to  absorb  water,  inqr  be 
learnt  from  ibe  fact,  that  while  it  qppeaes  froai  the  table  that  has  been 
gii'en,  that  100  grains  of  no  soil  absorbed,  in  34  boom,  qdle  seven 
grains,  100  grains  of  this  compound  absorbed  19.1  gmios.  This 
fact  shows  us  that  the  absorbing  power  of  soils  depends  aoach  more 
upon  the  quantity  of  geine  which  they  contain,  than  upon  any  other 
iDgredient. 

Vu  of  thii  Substance  as  a  Poin^. 

This  geic  compound,  with  no  other  preparation  than  that  of  drying, 
has  been  employed  as  a  paint,  mixed  with  o3.  It  is  said  to  answer 
.a^od  pivpose;  and  at  CoL  Moultoo's  I  saw  some  wood- work  oov- 
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«rad  wkb  it,  wbioh  appcartd  weH.  Th*  odor  is  «o  deep  a  Irown 
that  k  peases  rerj  wdl  far  hkck. 

It  aiRw«ra,  abo,  as  a  water  eolor,  en  paper.  Bjr  siinplj  grinding 
is  IB  water  and  uaiog  it  for  a  landecape,  the  color  oodd  ban%  be 
distiagiislied  firom  that  tailed  aepia.  Tbrongb  the  kbdees^  of  Jejai 
Tappan,  Esq.^  of  BostOBy  I  oteained  the  Mlowii^  opinoD  respect' 
ug  tfas  aabstanccy  of  a  distioguiabed  aBBmiiacluter  of  water  colors  in 
fiew  Yorby  to  whom  it  was  sent  b  n  crude  state,  imdi  no  lofernaitieD 
tespeotiog  its  natnre  or  origin.  By  simplrjr  soapending  it  in  water,  ii 
will  be  easy  to  obtain  a  mooh  asore  delieale  varietjrfor  the  piwpoae  of 
pemting;  and  as  it  will  psobnUgr  be  fonnd  of  ^fficent  shades  oTodoc 
na  difierem  hioAiea,  it  asaj  perbapa  be  an  obysot  to  peribras  some 
experiments  of  this  sort;  finr  it  nugr  psoee  that  it  wiii  be  more  ynbt^ 
nUe  as  a  pciDt,  than  in  agricnltiare* 

'*  The  sample  ef  odor,''  sqn  the  asanofrctver,  ^  wbidi  ^PP^m 
to  be  a  variety  of  lignite,  might  probably  be  of  sense  oae,  a»a  deep 
brown  color,  for  common  purposes;  but  does  not  appear  to  have 
noy  extraordinary  richness  or  body.  It  is  not  sufficiently  brawn^  for 
either  sepia  or  cdogne  eaitti,  (or  Vandyke  brawn),  and  it  is  too 
brown  to  be  sold  for  hhclc.  But  if  it  could  be  sold  quite  low,  it 
might  come  into  use  for  a  brown  black,  or  deep  brown.'' 

H*«UP     *^*''    *»^«<»      ^^«i*«*»*^ " «^ ^       VAIAIL  nHHmlBII    tfV   da.  — ^"      AJlAK^A4A»IA^tfl. 

Dr.  Dana  has  suggested  the  appK^iriaie  name,  Jlp<dhemitA :  apotbe* 
me  bebg  the  term  applied  b^  Berzelius  to  a  deposite  of  geine,  &c. 
in  vegetable  solutions* 


11.    Substances  tieldihg  both  Geine  and  Salts  of  Lime. 

I  shall  delay  for  a  short  time  upon  two  other  substances,  abundant 
in  the  state,  which  m^  be  of  no  small  use  in  improving  our  soils,  by 
afibrdiog  both  geine  and  the  sdts  of  lime. 

Marth  Mud. 

Every  intelligent  farmer  probably  knows,  tliat  this  substome  forms 
an  excellent  manure;  although  I  apprehend  it  is  employed  far  less 
than  its  value  demands.     An  isftelligent.  fanner  in  Maryland  states, 
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that  ha  *^  deems  h  more  Taluable  tfaao  barn-Tard  manure;"  and  that 
*<  it  never  failed  in  any  application  he  had  made  of  it."  He  also  pre- 
fers it  to  marl,  because  ^^  it  is  more  accessible,  its  eflects  are  qmcker 
and  much  more  can  be  done  in  the  way  of  improvement  for  the  same 
money."  At  the  same  time  he  confesses,  that  the  permanent  advan- 
tages of  marl  are  much  greater;  and  thinks  that  marl  and  marsh  mod 
will  both  be  improved  by  combination."*  This  last  remark  appears 
still  more  important,  when  we  ascertain  what  it  is  that  gives  an  agri- 
cultural value  to  this  substance.  The  (act  is,  it  sometimes  contains  m 
large  quantity  of  geine,  and  sometimes  but  little,  while  the  quanti^ 
of  the  salts  of  lime,  soda,  and  magnesia,  is  rather  laige;  so  that  some* 
times  a  mixture  of  marl  will  be  of  service,  and  sometimes  not.  The 
following  analysis  of  a  few  specimens  of  marsh  mud,  both  in  the  ordi* 
nary  way  and  by  Dr.  Dana's  method,  will  show  us,  I  think,  whai 
it  is  that  constitutes  its  fertilising  power,  and  aflford  some  useful  hints 
as  to  its  application. 

«dnaZym  in  the  dry  uay  by  Jllkali. 
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JinalytU  by  Dr.  Dana^s  Method. 
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"  FanMr'i  Regittor,  July  ISSij  p.  93. 
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A  substance  so  rich  in  geine,  or  salts  of  lime  and  soda,  or  in  both, 
as  the  above  analyses  show,  cannot  but  prove  a  fertilizer  of  the  soil 
if  spread  upon  it.  If  a  soil  be  quite  poor,  those  varieties  should 
probably  be  chosen  that  contain  the  most  geine ;  and  this  can  be 
judged  of  by  their  comparative  lightness  when  dry ;  the  lightest 
abounding  most  in  organic  matter.  But  if  the  soil  already  contain  a 
good  deal  of  inactive  vegetable  matter,  the  varieties  that  abound  most 
in  salts  will  probably  be  most  efficacious  ;  though  an  additional  quan- 
tity of  geine  can  do  no  harm,  and  may  do  much  good.  If  marsh 
mud  be  applied  at  random,  it  is  not  strange  that  varieties  of  it,  almost 
destitute  of  geine,  should  be  sometimes  put  upon  exhausted  soil,  and 
that  no  good  efFects  should  follow.  Hence  the  necessity  of  some 
fixed  principles  to  guide  the  farmer.  And  since  Massachusetts  con- 
tains so  much  sea  board,  and  so  much  land  near  the  coast  that  may 
be  benefited  by  this  substance,  a  correct  mode  of  applying  it  is  of 
great  importance. 

Muck  Sand, 

As  this  substance  has  never  been  proposed  for  use  in  agriculture, 
it  will  be  necessary  to  state  the  circumstances  that  have  led  me  to 
bring  it  forward  in  this  place. 

Nine  or  ten  years  ago,  Luther  Root,  Esq.,  Cashier  of  Amherst 
Bank,  had  occasion  to  dig  a  well  in  his  garden  in  Sunderland,  where 
he  then  resided.  This  was  only  eighty  rods  from  Connecticut  river, 
and  the  land  there  is  alluvial  to  the  depth  of  more  than  twenty  feet. 
Near  the  bottom  the  excavation  passed  through  a  thick  stratum  of 
what  is  usually  called  quicksand,  and  which  on  being  thrown  out 
emitted  a  strong  odor  of  sulphuretted  hydrogen.  It  not  being  conve- 
nient to  remove  all  this  earth,  it  was  spread  upon  a  considerable  part 
of  the  garden,  which  was  a  good  soil  and  always  well  manured.  He 
was  warned  against  doing  this,  lest  it  should  rum  his  garden,  and  he 
thinks  the  quantity  spread  was  not  greater  than  a  good  coat  of  ma- 
nure. The  part  thus  covered  was  mostly  planted  with  watermelons 
and  other  vines  :  and,  instead  of  injuring  the  spot,  it  produced  so 
great  an  increase  of  fertility  as  to  astonish  himself  and  his  neighbors, 
and  to  lead  them  to  search  the  banks  of  the  river  and  low  places  for 
12 
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a  simihr  substtuice.  The  good  effects  coatioued  for  two  yeus,  and 
afterwards  deolined,  so  that  io  a  year  or  two  the  land  thus  treated 
was  not  better  than  the  other  parts  of  the  gardeo. 

Seventeen  or  eighteen  years  ago,  Mr.  Rufus  Rice  bad  occasiofi  to 
dig  a  well  on  fats  farm  in  South  Deerfield  ;  and  after  passing  throogb 
six  feet  from  the  surface,  he  struck  upon  what  be  describes  as  qtuck- 
sand,  tboi^  dry  at  the  time  he  dtig  it,  and  probably  mixed  with  clay. 
He  repraaeots  the  Substance  dug  out  when  wet  to  be  almost  as  much 
disposed  to  flow  as  water,  and  that  it  was  very  difficult  so  to  wall 
up  a  well  with  stones  that  this  sand  would  not  pass  through  and  fill  it. 
He  describes  it  also  as  giving  out  a  sttong  odor,  and  a  small  quantity 
which  he  showed  me,  that  had  lain  for  fifteen  years,  still  reuitied  that 
odor,  and  appeared  to  be  identical  with  the  muck  iands  to  be  described 
in  this  Report.     Wishing  to  remove  the  sand  thus  thrown  from  a  well 
twenty-two  feet  deep,  and  having  understood  that  the  effect  of  a 
change  of  soil  was  good,  be  carted  five  loads,  after  it  bad  lain  expos- 
ed for  a  year,  upon  a  piece  of  ploughing,  spreading  it  about  as  thick 
as  a  good  coat  of  manure.     This  was  io  the  autumn  ;  and  the  next 
spring  the  whole  piece  was  planted  with  Indian  com,  after  having 
been  manured  in  the  hill.     But  that  part  of  the  field,  which  had  re- 
ceived the  muck  sand,  soon  began  to  show  a  much  more  thrifty 
growth  than  the  other,  and  yielded  a  greater  crop.     From  that  time 
to  the  present,  com,  oats  and  clover,  have  been  the  rotation  of  crops 
•very  three  years,  except  that  two  crops  of  rye  have  been  raised  up- 
on it,  and  whenever  it  was  manured,  all  parts  were  spread  over  alike. 
And  even  np  to  the  present  time,  the  part  on  which  the  muck  sand 
was  spread,  seventeen  years  ago,  continues  to  show  decidedly  more 
Csrtility  than  the  other  part.     I  saw  this  diffiu-ence  last  autumn  in  the 
crop  of  Indian  corn  then  growing,  and  it  was  considerable. 

A  few  rods  from  the  spot  where  the  well  above  noticed  was  dug, 
another  had  been  excavated  three  years  previously  to  the  depth  of 
eighty  feet,  and  a  large  quantity  of  the  muck  sand,  with  perhaps 
some  clay,  lay  upon  the  surface  ;  although  the  well  itself  had  been 
filled  by  Uie  caving  of  the  sides.  Mr.  Rice  carried  from  five  to  ten 
leads  of  this  upon  a  spot  of  dry  mowing,  which  had  almost  ceased  to 
produee  grass.  It  was  spread  about  as  thick  as  a  good  coat  of  ma- 
nure, but  with  no  mixture  of  mamire,  some  time  in  June.    On  the 
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first  crop  of  grass  that  year  it  produced  no  eflect,  and  tbere  was  not 
enough  grass  to  be  worth  gatberiog.  But  the  second  crop  was  a 
very  heavy  one,  and  consisted  mainly  of  clover^  although  the  clover 
bad  previously  disappeared.  The  next  year  the  first  crop  was 
equally  good,  the  second  not  so  large,  though  better  than  middlii^. 
In  subsequent  years  the  good  effects  became  less  and  less  obvious: 
but  they  were  visible  at  least  ten  years. 

The  facts  communicated  to  me  by  Mr.  Root  (those  respecting 
Mr.  Rice's  experiments  I  did  not  learn  till  somewhat  later)  seemed 
to  furnish  a  clue  that  might  lead  to  results  of  considerable  importance. 

But  the  substance*  that  produced  such  effects  upon  the  soil  had  all 
disappeared  from  the  surface,  and  could  not  be  obtained  from  the 
welb.  It  occurred  to  me,  however,  that  the  same  stratum  must  ex- 
tend  from  Sunderland  village  to  Connecticut  river  ;  and  that  its  out-* 
crop  might  be  found  tbere,  as  the  bank  is  more  than  twenty  feet  higb. 
A  gendeman  acquainted  witlf  the  substance  accompanied  me  thither; 
and  we  soon  found  a  stratum  of  sand  several  feet  thick,  which  he 
recognized  at  once  as  identical  with  that  dug  from  the  well.  Having 
seen  it  in  one  place,  I .  was  able  to  trace  it  in  others.  I  examined 
the  banks  of  Connecticut  river  across  the  whole  state ;  and  wherever 
they  are  alluvial,  I  almost  uniformly  found  this  stratum  from  ten  to 
twenty  feet  below  the  general  surface.  I  traced  it,  also,  in  many 
places,  in  the  banks  of  the  Housatonic  and  Merrimack,  the  Deerfield 
and  Wesifield  rivers,  and  indeed  on  almost  every  stream  large  enough 
to  form  much  alluvial  deposition.  On  the  small  streams  its  depth 
beneath  the  surface  and  its  thickness  are  less.  But  its  leading  char- 
acters are  alike,  and  somewhat  peculiar :  and  as  they  made  it  easy 
for  me  to  find  the  stratum,  I  think  I  can  point  them  out  so  that  oth* 
ers  will  be  able  to  recognise  it* 

The  specimens  of  this  substance  in  the  State  Collectioo  (Nos. 
126,  127,  128,  129,  130,  131,  132,  133)  convey  but  an  imperCect 
idea  of  its  appearance  in  its  native  situation,  where  it  is  almost  always 
very  wet,  and  generally  exhibits  a  slightly  greenish  tinge,  though 
perhaps  this  results  from  its  mechanical  rather  than  its  chemical  char- 
acters. In  the  banks  of  our  streams,  this  stratum  is  the  first  one  from 
the  surface  that  arrests  the  water  in  its  descent  into  the  earth  ;  and 
hence  water  is  seen  oozing  out  from  it  in  almost  every  place.    It 


Digitized  by  VjOOQ IC 


96  GEOLOGY  OF  MASSACHUSETTS. 

firequendy  lies  iminediately  above  a  stratum  of  gravel.  It  is  abo 
remarkable  for  its  yielding  nature  when  wet ;  it  being  easy  to  run  a 
pole  several  feet  into  it,  and  unless  covered  with  turf,  a  man  in  walk- 
ing over  it  will  sink  into  it  several  inches.  The  cause  of  its  arrest- 
ing water  in  its  descent,  and  also  of  the  extreme  mobility  of  its  parti- 
cles among  themselves,  is  probably  chiefly  dependent  upon  the 
fineness  of  its  texture,  and  the  form  of  its  particles,  rather  than  upon 
its  chemical  composition.  When  an  attempt  is  made  to  dig  into  it 
with  a  spade,  or  trowel,  it  conducts  very  much  like  soft  suet.  And 
yet  i(8  composition  is  decidedly  sandy:  and  therefore  I  call  it  muck 
$andy  although  it  generally  goes  by  the  name  of  quick  sand. 

Another  important  character  is,  that  when  fresh  dug,  this  substance 
almost  invariably  gives  out  the  odor  of  sulphuretted  hydrogen:  that  is, 
an  odor  considerably  resembling  that  of  a  gun  barrel  which  has  been 
fired  repeatedly  with  gunpowder.  Very  frequently,  also,  there  is 
seen  oozing  from  it  a  reddish  matter  of  the  color  of  iron  rust,  and 
which  indeed  is  the  oxide  of  iron,  proceeding  probably  from  the 
decomposition  of  the  sulphuret  of  iron,  whereby  the  sulphuretted  hy- 
drogen is  produced.  I  am  inclined  to  believe  that  the  odor  of  the 
sulphuretted  hydrogen  is  so  connected  with  its  fertilizing  properties, 
that  I  doubt  whether  any  sand,  not  giving  it  out,  will  prove  effica- 
cious. 

It  should  also  be  mentioned,  that  vegetable  matter,  even  some- 
times in  the  state  of  vegetable  fibre,  is  generally  present  in  the  muck 
sand.  Indeed,  it  seems  to  be  the  only  stratum,  which  I  have  found 
deep  in  the  earth,  that  contains  much  organic  matter.  In  short,  it 
does  not  dififer,  so  far  as  I  can  ascertain,  from  the  rich  deposites  of 
mud  and  vegetable  matter,  that  are  now  often  formed  by  our  streams 
at  high  water,  except  that  it  has  been  for  a  long  period  in  the  earth, 
and  thus  many  important  chemical  changes  have  taken  place  in  it, 
and  it  has  also  been  the  recipient  of  all  the  soluble  matter,  which  has 
percolated  from  the  strata  above,  but  which  this  stratum  has  arrested. 

These  remarks  will  I  trust  not  only  enable  others  to  identify  thb 
substance,  but  will  form  also  the  groundwork  of  a  theory  that  will 
explain  its  fertilizing  power.  This,  however,  will  be  better  under- 
stood when  I  shall  have  presented  analyses  of  several  specimens  by 
both  the  methods  described  in  this  report. 
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I  have  been  favored,  also,  with  the  following  analysis  of  the  muck 
sand  (No.  129)  from  Hadley,  by  Dr.  Dana. — 100  grs.  after  ignition 
to  drive  off  the  water  and  organic  matters,  yielded 

Silica, 71.008 

Alumina, 16.706 

Oxide  of  iron, 6.202 

Lime,  with  some  sulphate  of  lime,         .  3.336 

Magnesia, 1.552 

Traces  of  manganese  and  potassa,  and  loss,       1.196 

100. 


Analysis  by 
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No. 
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It  will' be  seeo  that  id  the  case  of  the  muck  sand  from  Hadley,  a 
double  analysis  is  given.  The  latter  was  furnished  by  Dr.  Dana, 
who  did  not  obtain  the  insoluble  geine,  nor  separate  the  phosphate  of 
lime  from  the  sulphate.  I  give  both  results,  partly  because  it  is  the 
only  example  which  1  am  able  to  present,  m  which  my  analysis  by 
this  new  method  can  be  compared  with  that  of  another  individual. 

The  speci6c  gravities  given  above  show  that  in  general  the  deositj 
of  these  muck  sands  is  greater  than  roost  of  our  soils,  as  we  might 
expect  from  the  fact  that  they  are  very  sandy.  The  two  last  columns 
show  that  their  power  of  absorbing  water  is  small ;  which  result  also 
we  should  expect  for  the  same  reason.  I  regret  that  my  experi- 
ments upon  the  power  of  these  muck  sands  to  reuiin  water,  are  as 
imperfect  as  upon  the  soils,  since  we  should  rather  expect  thai  this 
might  be  considerable  and  of  some  service  in  agriculture.  So  far  as 
the  triab  which  I  have  made  enable  me  to  judge,  they  favor  this  pre- 
sumption, though  they  do  not  indicate  any  remarkable  retaining  pow- 
er. Thus,  on  the  20th  of  January,  200  grs.  of  the  following  soils 
and  muck  sands,  with  100  grs.  of  water  added,  were  exposed  three 
hours  to  the  sun,  from  11  to  2  o'clock,  clear  and  wind  westerly,  and 
they  lost  as  follows  : 


No. 

LMt. 

No. 

Low. 

3 

Alluvial  Sou, 

60.7  grs. 

114 

Sienite  Soil, 

544  grs. 

4 

do 

6D.4 

115 

do 

6a8 

5 

do 

70.0 

116 

do 

57.6 

6 

do 

6&7 

118 

do 

610 

7 

do 

716 

119 

do 

636 

15 

Tertiary  ArgiL 

667 

121 

Porphyry  Soil, 

66^ 

16 

69.2 

123 

Greenstone  Soil, 

64.4 

18 

do         sandy, 

78.8 

127 

Muck  Sand, 

500 

20 

do            do 

67.7 

1.29 

do 

501 

23 

Sandstone  Soi], 

68.0 

130 

do 

5U 

24 

do 

56.6 

131 

do 

562 

26 

do 

70.1 

132 

do 

47.1 

27 

Greywacke  Soil, 

70.1 

134 

Marsh  Mad, 

5L0 

30 

do 

56.3 

135 

do 

52^ 

31 

do 

55.8 

136 

do 

51.9 

From  the  water  in  which  some  of  the  muck  sand  from  Sunderland 
had  been  boiled,  pure  ammonia,  as  well  as  carbonate  of  ammooia  and 
phosphate  of  soda,  threw  down  slight  precipitates.    Hence  I  infer 
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the  existence  of  some  sdoble  aalt  of  magnesia,  probably  the  sulphate. 
But  in  no  other  specimen  did  any  such  result  follow  the  application 
of  these  tests.  The  proper  tests,  however,  detected  in  them  all 
sulphate  of  lime  about  in  the  same  quantity  as  in  most  of  the  soils. 
Its  amount  may  be  seen  in  the  table  of  analysis  of  the  rauck  sands  by 
alkali. 

The  preceding  analyses  appear  to  roe  to  show  that  there  is  no  sin- 
gle ingredient  in  these  muck  sands  that  will  explain  their  fertilizing 
power.  But  there  are  several  circumstances  that  probably  conspire 
to  such  a  result.  Most  of  them  contain  a  considerable  amount  of 
soluble  geine,  as  well  as  of  the  sulphate  and  phosphate  of  lime ;  and 
I  ought  to  remark  in  respect  to  some  of  them,  that  they  were  obtain* 
ed  in  places  which  are  exposed  to  the  action  of  water  a  considerable 
part  of  the  time,  which  may  have  abstracted  a  portion  of  the  salts 
and  the  geine ;  as  I  took  them  from  a  few  inches  below  the  surface. 
This  was  the  case  with  the  specimens  from  Northfield,  Bradford, 
and  Sheffield.  The  others  were  obtained  at  a  greater  depth  from 
the  surface.  That,  for  insUince,  from  Amherst,  which  yielded  so 
large  a  proportion  of  soluble  geine,  was  taken  from  an  excavation 
just  made  several  feet  deep.  This  circumstance  should  be  kept  in 
mind,  if  any  of  our  farmers  should  think  it  best  to  make  any  trial  of 
this  substance.  I  hope  they  will  take  care  to  dig  to  a  considerable 
depth  to  obtain  it,  although  I  should  presume  that  two  or  three  feet 
would  be  sufficient  where  the  muck  sand  shows  itself  on  the  banks 
of  streams ;  and  yet  the  constant  percolation  of  water  from  this  stnf 
tum  may  carry  off  some  of  the  fertilizing  matters  from  I  know  not 
how  great  a  horizontal  distance. 

In  addition  to  the  above  circumstances,  it  ought  to  be  borne  in 
mind  that  this  muck  sand,  on  account  of  the  minute  division  of  its 
parts,  is  in  the  best  possible  state  for  enabling  the  roots  of  plants  to 
act  upon  and  absorb  nutriment.  Nor  should  it  be  forgotten,  that  in 
all  cases  when  fresh  dug,  these  sands  give  off  the  odor  of  sulphuret- 
ted hydrogen  ;  which  probably  proceeds  from  the  decomposition  of 
sulphuret  of  iron,  or  some  alkaline  sulphuret,  by  the  free  sulphuric 
acid  formed  in  the  manner  described  by  Dr.  Dana,  in  giving  a  theory 
of  the  actk>n  of  clays  in  agriculture.  Very  probably  this  sulphuret 
of  iron  may  act  an  important  part  in  fertilization  by  these  muck  sands ; 
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and  hence  it  is  desirable  not  to  use  any,  certainty  in  early  experi- 
ments, which  does  not  emit  the  odor  above  named. 

These  considerations,  with  the  facts  that  have  been  detailed,  ex- 
cite  a  hope  that  this  muck  sand  may  prove  an  article  of  no  small 
value  as  a  manure.  The  specimen  from  Leominister,  howevef, 
given  in  the  preceding  table,  should  be  noticed  as  deGcient  in  some 
points,  which,  according  to  the  preceding  views,  are  important.  It 
has  little  if  any  soluble  geioe,  and  the  salts  are  in  small  proportion. 
That  specimen  was  received  from  Mr.  Sewall  Richardson,  who 
says  that  it  was  taken  seven  feet  below  the  surface,  and  that  it  has 
been  dug  three  years,  and  exposed  to  atmospheric  agencies.  It 
may,  therefore,  have  lost  some  of  its  fertilizing  properties.  Yet  be 
says,  ^^  for  the  last  four  years  I  have  applied  it  as  manure  on  dry 
land,  and  find  that  it  produces  a  good  effecL  One  quart,  applied  to 
a  hill  of  potatoes  before  hoeing,  seems  to  prevent  the  effects  of 
drought  on  the  driest  of  our  plains,  and  makes  them  yield  potatoes 
equal  to  the  best  of  our  land."  He  says»  also,  that  ^^  it  bas  as 
much  effect  on  the  skin,  when  first  dug  and  dryed,  by  handling  it, 
as  lime,  or  ashes."  It  was  in  consequence  of  these  statements  that 
I  subjected  this  specimen  to  analysis  ;  although  it  bears  but  little 
resemblance  to  the  muck  sands  in  general. 

The  wide  diffusion  of  this  muck  sand  in  the  state,  makes  me  more 
desirous  of  having  it  tested.  I  have  already  remarked  that  it  may 
be  found  on  the  banks  of  all  our  streams,  which  have  deposited  al- 
luvium. And  I  doubt  not  it  may  be  found  in  most  swamps  ;  espe- 
cially those  that  are  underlaid  by  clay.  From  the  banks  of  rivers 
it  might  be  carted  at  a  season  of  the  year  when  the  water  is  low, 
since  the  stratum  usually  lies  but  little  above  low  water  mark  :  and 
from  other  places  excavated  on  purpose,  it  might  be  obtained  at  al- 
most any  season.  Should  only  a  small  part  of  the  fertilizing  effect 
result  from  its  use  generally,  which  the  facts  detailed  would  lead  us 
to  expect,  I  should  still  feel  amply  repaid  for  my  labor  devoted  to 
the  subject. 

Beneath  the  vegetable  matter  in  most  of  our  swamps,  there  is  a 
fine  sand,  quite  analagous  in  appearance  to  the  muck  sand  that  has 
been  described  ;  and  from  some  facts  that  have  come  to  my  knowl- 
edge, I  suspect  that  this  possesses,  in  part,  at  least,  the  fertilizing 
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character  of  the  muck  sand.  It  probably  contains  some  soluble 
geine  and  salts  of  lime,  and  sometimes  gives  off  the  odor  of  sul- 
phuretted hydrogen  ;  though  perhaps  this  may  result  from  decayed 
vegetables,  as  these  sometimes  emit  an  odor  resembling  that  gas. 
I  apprehend  that  this  sand  may  be  found  often  to  possess  enough  of 
a  fertilizing  character  to  be  profitably  employed  upon  land. 

Concluding  Remarks  upon  Soils. 

Though  I  have  dwelt  so  long  upon  the  analysis  and  improvement 
of  our  soils,  it  will  be  seen  that  I  have  touched  only  a  few  of  its 
more  important  features,  and  that  even  these  are  but  imperfectly 
considered.  Many  minor  points,  of  no  small  importance,  however, 
have  been  wholly  passed  over,  or  only  alluded  to ;  and  sensible 
that  I  cannot  do  them  justice  at  present,  I  shall  not  attempt  to  dis- 
cuss them.  My  great  object  has  been,  after  ascertaining  the  greatest 
deficiencies  in  our  soils,  to  satisfy  the  Government  that  we  have  the 
means  of  remedying  them  and  of  making  great  improvements  in 
them,  by  the  aid  of  chemistry.  If  I  may  hope  that  I  have  accom- 
plished this  object,  then  I  take  the  liberty  to  inquire,  whether  it  be 
not  important  enough,  and  whether  there  is  not  enough  still  left  to 
accomplish  respecting  it,  to  make  the  appointment  of  a  State  Chemist 
desirable  ?  We  ought  to  have  still  further  experiments  made  on 
the  subject  of  geine,  and  the  salts,  which  the  soils  contain :  also  ac- 
curate analyses  of  the  crops  grown  on  soils  with  different  manures  ; 
and  investigations  as  to  the  manner  in  which  calcareous  matter  acts 
upon  vegetable  and  animal  substances :  as  also  experiments  directed 
by. an  able  and  experienced  chemist,  on  the  best  mode  of  bringing 
into  use  the  vast  deposites  of  geine  and  vegetable  fibre  which  our 
state  contains.  And  since  we  have  chemists  of  this  character  among 
us,  why  should  not  the  services  of  at  least  one  of  them  be  secured' 
for  this  object  ?  The  geological  surveyor  might  often  collect  sub- 
stances for  analysis  ;  but  if  obliged  to  go  as  thoroughly  into  the 
chemistry  of  the  subject  as  is  necessary  to  valuable  results,  he  can- 
not within  any  reasonable  time  accomplish  the  more  appropriate 
objects  of  his  appointment.  In  at  least  one  state  of  the  Union, 
where  geological  surveys  are  in  progress,  one  gentleman  is  appoint- 
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ed,  whose  time  and  attention  are  exclusively  devoted  to  the  chemical 
examination  of  the  soils,  ores,  &c.,  collected.  And  I  would  fondlj 
believe,  that  Massachusetts  will  not  rest  satisfied,  till  this  work  is 
done  at  least  as  thoroughly  as  in  any  other  state.  I  believe  there  » 
abundant  labor  for  an  experienced  chemist  upon  our  soils  alone : 
but  many  other  substances,  found  in  the  state,  ought  to  be  analysed, 
that  their  real  value  may  be  known. 

I  do  not  doubt  but  the  Government  and  every  intelligent  reflect- 
ing citizen  will  feel  the  vast  importance  of  energetic  efforts  to  im- 
prove our  soils  so  that  they  may  sustain  a  larger  population.  This 
is  the  only  way  to  check  the  tide  of  emigration  that  sets  so  strongly 
to  the  great  West.  For  if  our  sons  can  be  made  to  see  the  soil  of 
New  England  doubling  its  increase,  as  I  verily  believe  they  might  in 
one  or  two  decades  of  years,  the  rich  alluvia  and  prairies  of  the 
West  will  not  be  able  to  draw  them  away  from  the  graves  of  their 
fathers ;  especially  if  they  learn  that  those  fertile  regions  will  at 
length  become  exhausted  of  their  geine  and  salts,  and  then  will 
probably  require  as  much  labor  to  cultivate  as  the  soils  of  Mas- 
sachusetts. 

Some,  however,  may  contend,  that  it  is  more  important,  to  trans* 
fer  the  New  England  character  to  the  unsettled  West,  than  to  multi- 
ply our  numbers  and  wealth  at  home.  But  the  history  of  the  world 
leads  us  to  fear,  that  New  England  character  cannot  long  be  pre- 
served except  upon  New  England  soil ;  or  upon  a  soil  that  requires 
equal  industry  for  its  cultivation.  Place  New  England  men  where  the 
earth  yields  spontaneously,  and  the  locks  of  their  strength  will  soon 
be  shorn.  If  we  look  over  the  map  of  the  world,  and  the  histoiy 
of  the  past,  we  shall  find  as  a  general  fact,  that  the  brightest  exhibi- 
tions of  human  character  have  been  made,  in  regions  where  nature 
has  done  less,  but  art  and  industry  more.  If,  therefore,  we  wish  to 
increase  the  moral  power  of  New  England,  it  must  be  done  by  im- 
proving her  soil,  and  increasing  her  resources  and  her  population. 
If  these  views  are  correct,  which  I  acknowledge  do  not  fall  in  with 
the  prevailing  notions,  they  furnish  a  new  stimulus  for  vigorous  effort 
in  the  improvement  of  our  soils. 
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13.    Fossil  Fuel. 

Next  in  impoilance  to  the  means  of  improving  our  soils,  I  bava 
regarded  the  discovery  of  fossil  fuel ;  that  is,  fuel  dug  out  of  the 
earth,  and  resulting  from  vegetables  which  have  been  buried  there 
in  former  times  ;  and,  therefore,  I  have  examined  with  no  small 
care,  every  spot  where  such  discovery  seemed  likely  to  be  made. 
IVhen  I  prepared  my  former  Report,  I  confess  my  expectations 
vrere  not  sanguine  that  Massachusetts  contained  within  her  bosom 
any  extensive  deposites  of  coal ;  though  aware  that  not  a  little  peat 
might  be  found.  But  since  that  time,  the  enterprise  and  mdustry  of 
some  of  our  citissens  have  put  quite  a  different  aspect  upon  the  sub«> 
ject,  so  far  as  coal  is  concerned  ;  and  I  have  made  such  extensive 
inquiries  respecting  peat,  as  leads  me  to  suppose  its  quantity  in  the 
state  has  been  much  underrated.  I  will  now  proceed  to  give  such 
details  as  will  enable  the  Government  to  form  an  opinion  on  the 
subject. 

Anthracite  Coal. 

In  my  former  Report,  I  stated  that,  ^'  we  might'  reasonably  look 
for  anthracite  coal  in  any  part  of  the  greywacke  formations  exhibited 
on  the  Geological  Map."  This  extends  in  interrupted  patches 
across  the  whole  of  the  eastern  part  of  the  state,  and  at  its  southern 
extremity,  embraces  the  coal  beds  of  Cumberland,  Rhode  Island. 
I  also  marked  on  the  Map  beds  of  this  anthracite  in  the  east  part  of 
Cumberland,  Rhode  Island,  and  in  Middleborough,  West  Bridgewa- 
ter,  and  Wrentham,  Massachusetts.  In  the  autumn  of  1835,  since 
my  Report  was  published,  another  bed  was  discovered  in  Mansfield> 
which  led  to  the  formation  of  ^^  the  Massachusetts  Mining  Com- 
4)any,"  ^^the  Mansfield  Mining  Company,"  and  ^^the  Mansfield 
Coal  Company,"  all  of  which  have  exhibited  great  and  commenda-* 
ble  perseverance  to  make  exploratbns  in  spite  of  the  generd  stagna^ 
tion  of  business  and  enterprise  ;  and  their  efforts  have  been  crowned 
with  far  greater  success  than  I  could  have  anticipated.  I  sUaH 
describe  the  principal  excavations  that  have  been  made  by  these 
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companies  in  that  region,  with  the  results  to  the  beginning  of  last 
October. 

The  Massachusetts  Mbing  Company  commenced  their  explora- 
tions in  1835,  on  the  farm  of  Mr.  Alfred  Harden,  where  a  shaft 
sunk  only  25  feet,  struck  a  bed  of  coal  5  feet  wide,  and  another 
only  1  foot  thick,  separated  from  the  6rst  by  10  inches  of  rock. 
The  shaft  has  since  been  carried  to  the  depth  of  64  feet ;  and  from 
the  bottom  of  it,  in  opposite  directions  and  following  the  bed  of 
coal,  drifts  have  been  extended  150  feet,  and  rail-ways  laid  for  bring- 
ing the  coal  to  the  bottom  of  the  pit,  from  whence  it  was,  until 
recently,,  raised  to  the  surface  by  a  windlass  and  hand  power  ;  but 
steam  power  is  now  used,  which  greatly  increases  the  daily  amouot 
of  coal  raised.  About  1,500  tons  had  already  been  raised  from  this 
mine,  when  I  visited  it  in  October ;  and  a  drift  bad  been  carried 
from  the  bottom  of  the  shaft,  in  a  south-east  direction,  several  feet 
across  the  rock  strata,  in  search  of  new  beds.  Only  one  about  a 
foot  thick  had  been  reached. 

The  explorations  at  this  spot  have  been  carried  forward  under  the 
direction  of  Gen.  Samuel  Chandler,  of  Lexington,  who  seemed  to 
me  to  have  managed  the  whole  concern  with  remarkably  good  judg- 
ment, and  to  have  brought  the  principles  of  science  to  bear  upon 
practice  with  singular  success.  In  his  printed  Report  to  the  Com- 
pany, he  says,  that  ^'  although  the  region  has  been  but  very  imper- 
fectly explored,  even  where  the  strongest  external  evidences  appear, 
yet  four  separate  veins  are  known  to  occur  on  land  leased  to  the 
Massachusetts  Mining  Company,  situated  at  no  great  distance  apart, 
and  parallel  in  their  line  of  bearing:  two  of  which  have  been  opened 
sufficiently  to  ascertain  their  thickness  to  be  over  five  feet,"  &c. 

The  clerk  of  the  company,  William  B.  Dorr,  Esq.,  makes  the 
following  statement  in  respect  to  these  explorations,  which  must  be 
regarded  as  very  encouraging.  *'  The  Massachusetts  Mining  Com- 
pany," says  he,  '^at  an  expense  of  less  than  $15,000,  with  all  the 
discouragements  of  a  novel  undertaking,  the  almost  entire  want  of 
practical  knowledge  of  the  subject,  and  the  cost  of  experiments 
which  experience  would  have  rendered  unnecessary,  have  been  able 
to  raise  from  1200  to  1500  tons  of  coal,  worth  from  $5000  to  $6000, 
at  the  lowest  estimate  both  of  the  quantity  mined  and  of  iu  true 
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value."  ^^The  directors  have  unhesitating  confidence  in  the  even- 
tual success  of  the  mining  operations  at  Mansfield  ;  and  nothing  but 
the  universal  prostration  of  enterprise  and  business,  has  prevented 
their  pursuing  these  operations  on  a  scale  commensurate  with  their 
confidence  and  the  public  importance  of  the  subject."" 

There  are  two  methods  of  ascertaining  the  value  of  this  coal  for 
fuel:  both  of  which  it  is  desirable  to  be  applied.  One  is  chemical 
analysis  ;  by  which  we  learn  how  much  carbon,  or  combustible  mat- 
ter, it  contains,  and  how  much  earthy  residuum  that  is  useless:  and 
the  other  is  experience  in  using  it.  In  1835  Dr.  C.  T.  Jackson 
analysed  two  specimens  taken  from  the  depth  of  about  25  feet,  and 
the  results  were  as  follows: 

\8t  specimen.  2d  specimen. 

Carbon,  98     Carbon,  96 

Peroxide  of  iron  and  alumina,     2     Peroxide  of  iron  and  alumina,     4 

100  100 

I  have  made  but  two  trials  with  a  specimen  obtained  at  the  mine 
last  autumn,  and  the  result  is  as  follows : 

let  specimen.  2d  specimen. 

Carbon,                                94  Water,  5.6 

Residuum,                             6  Carbon,  88.8 

Residuum,  5.6 


100 


Specific  Gravity,  1.70.  100. 

The  amount  of  carbon  in  these  specimens  is  a  little  greater  than 
Prof.  Vanuxem  obtained  from  two  specimens  of  anthracite  from 
Rhode  Island.  In  one  he  found  an  earthy  residue  of  5.07  per  cent, 
and  in  the  other  of  15.60  per  cent.  He  also  found  about  the  same 
per  cent  of  water  as  I  obtained  in  the  second  trial ;  this  item  having 
been  neglected  in  the  first  trial,  as  well  as  by  Dr.  Jackson,  as  our 
chief  object  was  to  ascertain  the  amount  of  earthy  residuum.  The 
amount  of  carbon  in  the  Mansfield  coal  is  nearly  equal  to  that-  in 
"  the  purest  anthracite  of  Lehigh,"  in  which  Prof.  Vanuxem  found 
3.3  per  cent  of  earthy  residue,  and  the  mean  of  the  four  analyses  given 
above  is  only  4.4  per  cent  of  residuum.     The  composition,  then,  indi- 
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cates  the  yeiy  best  kind  of  anthracite.  Its  specific  gravity,  howev- 
er, is  1.70  ;  while  a  specimen  of  Peach  Mountain,  in  Pennsylvania, 
was  only  1.49  ;  and  hence,  perhaps,  we  might  expect  some  more 
difficulty  in  producing  perfect  combustion  in  the  former  than  in  the 
latter. 

As  to  the  testimony  which  experience  gives  to  the  value  of  this 
coal,  so  far  as  that  testimony  is  within  my  reach,  it  corresponds  to 
what  chemical  analysis  would  indicate.  It  ought  to  be  recollected, 
however,  that  beds  of  coal  near  the  surface  of  the  earth,  are  always 
more  or  less  affected  by  the  action  of  water,  which  insinuates  itself 
into  their  crevices.  I  have  understood,  that  from  this  cause  the  coab 
of  Pennsylvania  have  improved  since  the  bedis  were  first  opened.  It 
ought  also  to  be  recollected,  that  coal  from  a  new  locality  may  be 
expected  to  require  a  little  different  mode  of  management  to  make  it 
burn  well ;  and  also  that  when  men  do  not  find  such  new  article  to 
conduct  precisely  like  that  which  they  have  been  accustomed  to  use, 
they  are  apt  to  infer  at  once  that  it  must  be  of  an  inferior  quality;  and 
they  are  not  willing  to  be  at  the  trouble  of  making  experiments  to  get 
over  the  difficulty. 

^^  The  quality  of  this  coal,"  says  Gen.  Chandler,  '^  has  given  very 
good  satisfaction  generally  to  the  purchasers,  notwithstanding  it  was 
taken  by  many  under  unfavorable  circumstances." — ^^Many  compe- 
tent judges  who  have  had  opportunities  of  testing  its  qualities  thor- 
oughly, represent  it  equal,  in  their  opinion,  to  the  Pennsylvania  An- 
thacite  in  all  its  essential  properties." — ''The  fine  coal  has  been 
taken  in  considerable  quantities  and  used  as  fuel  for  steam  power, 
and  proves  to  be  a  very  superior  article  for  that  purpose,  &c." 
*  Foster  Bryant,  Esq.,  of  Mansfield,  who  appears  to  be  veiy  famil- 
iarly acquainted  with  all  the  mining  operations  in  that  region,  states, 
that  as  the  beds  have  been  explored  to  greater  depth  the  quality  of 
the  coal  has  improved,  which  he  imputes  to  the  action  of  the  water 
upon  the  upper  portion  of  the  beds.  This  often  prevents  the  thor- 
ough combustion  of  the  coal,*  although  it  ignites  without  difficulty  and 
burns  well  for  four  or  five  hours.  He  adds,  that ''  the  coal  of  Mans- 
field, even  in  its  present  impure  state,  is  capable  of  being  converted 
to  all  economical  purposes,  and  contaminated  as  it  now  is  by  adven- 
titious substances,  it  is  a  better,  far  better  article,  than  the  coals  from 
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the  Little  Schuylkill  were  in  1831,  and  altogether  better  than  the 
first  year's  produce  from  the  Lackawana  mines." 

^'The  quality  of  the  coal,"  says  Mr.  Dorr,  ^^  has  afforded  entire 
satisfaction  to  those  who  have  taken  the  pains  to  give  it  a  tho- 
rough trial,  and  to  investigate  its  distinctive  properties.  Several  of 
the  directors  use  it  exclusively  for  fuel,  in  open  grates,  cylinder 
stoves,  and  cooking  ranges.  It  is  found  to  ignite  and  burn  best  with 
a  very  moderate  draught ;  and  broken  to  about  the  size  of  a  butter- 
nut. Uniformity  in  size  is  of  course  desirable.  Under  favorable 
circumstances,  little  difference  is  found  in  comparison  with  the  best 
Pennsylvania  anthracite,  whether  in  relation  to  facility  of  ignition  or 
intensity  and  durability  of  heat." 

^^  The  community  generally,  from  feeling  less  interest  in  its  suc- 
cess than  the  proprietors,  will  naturally  take  less  pains  in  its  use ; 
and  like  every  new  discovery,  its  genera]  introduction  will  doubtless 
be  gradual." 

The  following  testimony  was  given  by  the  captain  and  passengers 
of  the  steamboat  President,  where  the  Mansfield  coal  was  used,  on 
a  trip  from  Providence  to  New  York : 

New  York,  Dec.  25,  1836. 

Dear  Sir  : — I  received  the  sample  of  the  Mansfield  coal  yester- 
day, which  you  sent  to  me  for  trial  on  board  the  President.  I  used 
it  on  the  passage  from  Providence  to  New  York,  in  the  various 
kind  of  stoves  we  have  on  board,  and  was  much  pleased  to  find  that 
it  burnt  very  freely,  making  quite  as  hot  a  fire  as  any  Anthracite  coal 
hitherto  used  on  board  this  boat.  I  consider  it  superior  in  quality  to 
many  kinds  of  Anthracite  coal  now  in  use  in  this  city. 

I  am,  very  respectfully,  your  friend, 

ELIHU  J.  BUNKER. 
To  Mr.  Foster  Bryant. 


Steamboat  President,  Dec.  24,  1836. 

The  undersigned,  passengers  on  board  the  President,  from  Provi- 
dence to  New  York,  with  pleasure  bear  testimony  to  the  excellent 
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quality  of  the  Mansfield  coal,  with  which  the  cabin  fires  were  suppli* 
ed  during  the  trip.  So  far  as  they  are  able  to  judge,  the  article  from 
Mansfield,  used  in  the  cabin,  is  fully  equal  to  the  Pennsylvania  coal 
in  all  essential  properties. 

Richard  Rankin,  Frankfort ;  Thomas  Lovett,  Boston ;  John  S. 
Barker,  Lt.  R.  S.,  Newport;  James  S.  Peters,  Cortlandt,  N.  Y.  ; 
Benjamin  Morse,  New  Fairfield,  Conn. ;  George  H.  Riddell,  Nan- 
tucket ;  Thomas  B.  Griffith,  N.  Y. ;  John  Clark,  Jr.,  Boston  ; 
Charles  Howes,  Boston ;  Thomas  Ayling,  Newtown ;  Daniel  H. 
Johnson,  Salem,  Mass. ;  £.  Nottebohen,  Boston  ;  John  P.  Daven- 
port, do. ;  J.  B.  Hastings,  do, ;  Joseph  Pond,  Philadelphia ;  Levi 
Pratt,  Fitchburg  ;  George  H.  Owman,  Providence,  R.  I. ;  Heniy 
B.  Lloyd,  Boston  ;  John  Whipple,  Providence ;  Thomas  Hopkin- 
son,  Lowell,  Mass. ;  J.  A.  Etheridge,  Dedham ;  G.  M.  Peck, 
Freeboro',  Mass. ;  H.  Sumner,  Foreboro',  Mass. ;  G.  L.  Brown, 
Providence  ;  William  Power,  Bristol ;  Charles  N.  Cogswell,  S.  Ber- 
wick, Me. ;  George  W.  Lathrop,  West  Bridgewater,  Mass. ;  Ed- 
ward Ritler,  N.  Y. ;  B.  G.  Snow,  do. ;  E.  P.  Robinson,  do.  ;  J. 
H.  Tuck,  Nantucket ;  Benjamin  Morrill,  Boscowen,  N.  H. ;  Wil- 
liam S.  Eastman,  Baltimore ;  Thomas  B.  Parks,  Berwick,  Me. ; 
Joseph  Matthewson,  Providence,  R.  I. 

I  have  shown  that  the  coal  of  Mansfield,  and  of  Portsmouth,  R.  I., 
is  embraced  in  the  same  general  and  continuous  rock  formation. 
Hence  we  have  every  reason  to  believe  that  the  coal  from  every 
part  of  this  great  field  will  be  essentially  alike.  Now  the  Portsmouth 
coal  was  formerly  used  to  a  considerable  extent,  and  very  fair  experi- 
ments were  made  by  Professor  Silliman,  (which  I  have  detailed  in 
my  former  report,)  to  ascertain  the  value  of  this  coal  for  common 
fuel,  as  compared  with  that  from  Pennsylvania ;  and  he  comes  to  the 
conclusion  that  there  is  no  important  difiference  between  them. 
There  can  hardly  be  a  doubt,  but  the  same  conclusion  may  be  safely 
applied  to  the  Mansfield  and  Pennsylvania  coal. 
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Exphraium  of  the  Mansfield  Coal  Company^  and  the  Mansfield 
Mining  Company* 

The  MaDsfield  Coal  Company  have  simply  sunk  a  shaft  64  feet 
near  the  centre  of  Mansfield,  but  have  met  with  only  a  little  coal: 
another  shaft  was  sunk,  half  a  mile  north-west  of  the  Harden  farm, 
by  the  Mansfield  Mining  Company,  to  the  depth  of  84  feet,  in  which 
a  bed  only  a  few  inches  thick  was  crossed.  A  drift  was  then  com» 
menced  at  the  bottom  of  this  shaft,  horizontally,  towards  the  south-east 
so  as  to  cross  the  strata.  This  had  not  been  pushed  far,  when  a  bed  of 
coal  was  struck,  which,  at  the  place,  was  about  10  feet  thick;  though 
on  exploring  it  laterally  for  a  few  feet,  it  was  found  to  be  somewhat 
irregular ;  as  indeed  most  of  the  beds  are  in  the  region,  and  as  they 
are  in  fact  in  all  coal  fields.  In  crossing  this  vein,  25  tons  of  coal 
were  thrown  out,  some  of  which  is  of  a  veiy  superior  quality ;  as 
may  be  seen  in  the  collection  (No.  207.)  For  specimens  I  am 
indebted  to  Mr.  Joseph  D.  Clapp,  the  agent,  who  informs  me  that 
this  vein  has  received  the  name  of  the  ^*  Wading  Vein."  When  I 
visited  it  in  October  it  had  recently  been  discovered,  and  I  have  not 
since  learned  whether  it  has  been  pursued  farther.  I  subjected  100 
grains  of  it  to  analysis  with  the  following  result. 

Carbon, 96 

Alumina,  Iron,  &c.,  »        •         •         •         4 

100 
Specific  Gravity,  •        •        •        .  1.79 

We  have  seen,  from  the  testimony  of  Gen.  Chandler,  that  four  dis- 
tinct beds  of  coal  are  already  known  upon  land  leased  to  the  Massa- 
chusetts Mining  Company.  Mr.  Foster  Bryant  states,  that  ^*  seven  ' 
distinct  veins  of  coal  have  been  struck  in  Mansfield,  and  the  strongest 
indications  are  found  of  five  more,  one  of  which,  from  its  great 
breadth  is  probably  a  continuation  of  the  great  vein  at  Cumberland." 
This  is  a  great  number  to  be  discovered  so  early.  For  it  ought  to  be 
stated  that  the  whole  of  that  region  is  covered  by  a  coating  of  dilu- 
vial earth  nearly  20  feet  thick;  so  that  it  is  only  when  in  digging  a 
well,  or  other  excavation,  that  much  chance  exists  for  discovering 
14 
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the  coal:  for  I  could  not  learn  that  aoy  streams  Id  the  vicinity  have 
out  through  ibis  diluvium.    ThQ  fact  that  with  such  peculiar  difficul- 
ties in  the  way,  so  large  a  number  of  beds  have  been  discovered  in 
the  space  of  a  little  more  than  two  years,  is  to  my  mind  a  very 
strong  proof  that  the  region  of  Mansfield  is  likely  to  prove  a  veiy 
rich  and  valuable  coal  field.     By  looking  at  the  Geological  Map  €it 
the  State  it  will  be  seen  that  the  greywacke  formation  embraces  m 
large  part  of  Bristol  and  part  of  Plymouth  counties,  as  well  as  a  part 
of  Rhode  Island.     All  th'is  space  which  Mr.  Bryant  esUmates  at 
more  than  400  square  miles,  is  to  be  regarded  as  a  coal  field;  and 
indeed,  on  the  northern  side,  which  is  nearly  30  miles  long,  coal 
hat  been  found  in  various  places  through  the  whole  distance.     A 
very  large  part  of  this  extensive  region  is  covered  by  a  thick  coat  of 
diluvium,  as  in  Mansfield;  and  where  rocks  appear  in  place  above 
the  surface,  they  are  those  varieties  of  the  greywacke  which  are 
least  likely  to  contain  coal,  being  coarse  and  hard.  The  coal  usually 
occurs  in  fine  dark  colored  slate,  alternating  with  gray  sandstone: 
and  these  are  very  liable  to  be  disint^rated  and  worn  away.  Hence, 
the  best  prospect  of  finding  coal  is  where  the  rock  is  most  worn 
awaj)  and  the  soil  deepest.     Such  is  the  rock  every  where  found  in 
MansfieM,  and  since  an  almost  -perfectly  level  plain  exists  there,  over 
many  square  miles,  I  infer  that  the  rock  is  very  similar  over  its 
whole  extent;  and  hence  that  probably  we  may  hope  for  more  suc- 
cess in  explorations  there,  than  in  almost  any  other  part  of  the  coal 
region  above  described. 

It  is  a  fortunate  circumstance  that  the  great  Rail-road  from  Boston 
to  Providence  passes  across  the  centre  of  the  plain  of  MansfieM, 
and  within  80  rods  of  the  Harden  farm,  where  the  most  extensive 
exploration  has  been  made.  From  this  spot  it  is  15  miles  to  Prov** 
idence,  1 1  to  Taunton,  and  26  to  Boston.  A  more  favorable  situ- 
ation could  hardly  have  been  chosen  for  the  locauon  of  this  coal,  had 
the  proprietors  themselves  selected  the  site. 

Coal  rarely  if  ever  occurs  in  vetnt,  properly  so  called:  that  is, 
occupying  fissures  ^ieh  run  wrots  the  layers  qfthe  rock.  But  it  is 
uniformly  found  lying  between  the  layers  of  the  rock;  that  is,  in  what 
are  called  beds.  If  the  layers  of  the  rocks  are  horizontal,  the  beds 
will  be  horizontal.    But  generally^  and  especially  in  the  gray wacke 
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formatioD,  tbe  strata  dip  more  or  less  beneath  the  borison,  and  of 
course  tbe  coal  beds  will  dip  at  the  same  angle.  Being  tbus  incline 
ed,  tbey  will  also  run  in  tbe  same  direction  as  tbe  upturned  edges  of 
tbe  rock  in  wbich  tbey  are  contained,  flence  every  coal  bed  will 
have  a  certain  dip  and  direction.  Tbe  extent  to  which  the  bed  on 
tbe  Harden  farm  in  Mansfield  has  been  opened,  viz.  150  feet  each 
way  from  tbe  shaft,  affords  a  good  opportunity  to  detm*mine  these 
points  in  respect  to  that  mine.  I  applied  tbe  clinometer  and  pocket 
compass  at  the  bottom  of  this  mine,  and  found  tbe  dip  to  be  63^ 
nortb-westerly,  and  tbe  direction  nearly  N.  £.  and  S.  W.,  though 
exhibiting  minor  deviations.  And  such  are  tbe  dip  and  direction, 
within  a  few  degrees,  of  all  tbe  rocks  and  eoal  beds  that  have  been 
explored  in  tbe  graywacke  of  Bristol  county  and  in  Rhode  Island; 
except  that  on  the  Island  it  is  said  tbe  dip  is  90^  soutb^'easterly. 

The  preceding  facts  will  enable  us  to  judge  respecting  tbe  situa- 
tion of  tbe  coal  beds  in  this  great  coal  field;  and  perhaps  show  us 
what  is  tbe  best  method  of  research  to  ascertain  how  many  beds  ae-* 
tually  exist,  and  also  bow  tbey  may  be  roost  advantageously  worked. 
The  foUowinig  sketch  may  assist  in  understanding  the  subject.  It  is 
a  supposed  vertical  section  of  the  soil  and  rocks  beneath  the  plain  of 
Mansfield.  It  runs  N.  W.  aud  S.  E.  so  as  to  cross  tbe  strata  of 
rooks  at  right  angles.  Twenty  feet  of  diluvial  soil  are  represented  as 
covering  the  rocks,  and  tbey  are  shown  dipping  between  50^  and 
60^  to  the  north-west.  Several  beds  of  coal,  a,  a,  a,  a,  a,  are 
shown  lying  between  tbe  strata. 
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Now  it  is  eyident,  that  if  a  trench  could  be  cut  through  the  loose 
aoil  across  the  edges  of  the  strata,  it  would  briog  into  view  all  the 
beds  of  coal  that  exist  in  them.  But  several  gentlemen,  who  are 
practically  acquainted  with  such  operations,  assure  me,  that  such  a 
trench  would  be  far  more  expensive  than  it  would  be  to  sbk  a  shaft 
several  hundred  feet  into  the  rock,  as  shown  above  at  A;  and  then 
to  push  horizontal  drifts  throi^h  the  rocks  at  right  angles  to  the 
strata,  as  is  represented  above  hj  B,  B,  which  crosses  the  coal  beds 
a,  a,  a,  a,  a.  And  besides,  were  this  done,  and  a  rail-way  laid  at 
the  bottom  of  the  drift,  as  soon  as  a  bed  of  coal  was  discovered, 
the  mining  and  raising  of  it  might  immediately  commence,  without 
preventing  the  further  prosecution  of  the  drift. 

This,  then,  appears  to  me,  the  thing  that  is  wanted  in  the  region 
under  consideration.     Suppose  such  a  shaft,  for  instance,  to  be  sunk 
300  or  400  feet  in  the  vicinity  of  the  mine  on  the  Harden  farm,  and 
a  drift  extended  in  opposite  directions  across  the  strata.    We  might 
be  almost  certain  that  these  drifts  would  cross  several  valuable  beds, 
since  they  are  known  already  to  exist  in  the  vicinity.     And  thus  the 
proprietors  might  have  a  fair  prospect  of  remuneration,  even  if  no 
new  beds  should  be  discovered:  since  this  would  probably,  in  the 
end,  be  the  most  economical  way  of  opening  the  beds  now  known. 
But  it  is  hardly  to  be  conceived  that  no  new  and  valuable  beds  would 
be  discovered  by  extending  the  drift  farther.     Yet  if  they  should  not 
be  found  after  carrying  it  forward  a  reasonable  distance,  it  might  be 
abandoned  with  little  loss.    How  far  it  might  be  thought  advisable  to 
prosecute  such  a  drift,  it  is  difficult  to  say,  until  the  work  be  begun: 
but  perhaps  it  would  be  desirable  to  extend  it  several  miles;  which 
might  be  done,  I  understand,  for  less  than  $25,000  per  mile,  exclu- 
sive of  the  cost  of  the  shaft.     I  should  not  be  surprised  if  in  tunnel- 
ing towards  the  north-west,  from  the  centre  of  Mansfield,  at  the 
depth  of  300  or  400  feet,  the  level  should,  ere  many  miles,  be  ar- 
rested by  unstratified  rocks,  which  rise  to  the  surface  within  a  few 
miles  in  that  direction,  and  the  greywacke  may  be  thinner  near  the 
edges  of  the  formation  than  in  its  more  central  parts.    In  the  oppo- 
site direction,  I  should  not  expect  any  such  obstruction,  till  the  drift 
had  been  carried  to  the  eastern  part  of  Middleborough. 
While  writing  the  preceding  paragraphs  I  was  gratified  to  learo. 
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that  the  three  compaDies  above  Darned,  as  engaged  io  mining  for 
coal  in  MausBeld,  are  about  to  unite  their  resources  for  examining 
the  vicinity  of  that  place,  by  a  plan  essentially  the  same  as  that  men- 
tioned above.  At  a  season  of  such  general  stagnation  of  enterprise 
and  business,  this  resolution  is  certainly  deserving  of  high  commen- 
dation. For  should  these  companies  succeed  in  laying  open  a  suf- 
ficient number  of  beds  of  coal  to  supply  the  wants  of  the  eastern 
half  of  Massachusetts,  (and  I  am  not  without  strong  hopes  that  they 
may  succeed,)  so  as  to  render  our  citizens  independent  of  foreign 
importation,  and  reduce  the  price  of  fuel  at  least  one  half,  hardly 
anything  can  be  thought  of  that  would  give  such  a  spur  to  industry 
and  enterprise,  and  tend  more  to  permanent  prosperity.  And  allow 
me  to  inquire,  whether  the  object  is  not  of  suiBcient  importance, 
and  the  prospect  of  success  encouraging  enough,  to  induce  the  Gov- 
ernment of  the  State,  by  loan  or  otherwise,  to  encourage  this  under- 
taking. In  general,  it  is  probably  best,  to  leave  such  enterprises  to 
private  efforts  ;  but  in  this  case  the  investments  must  be  so  heavy 
that  private  companies  may  not  feel  justified  in  appropriating  suf- 
ficient money  to  have  the  work  done  thoroughly :  and  if  the  Govern- 
ment, probably  without  any  pecuniary  loss,  can  lend  its  aid,  it  will 
give  a  powerful  stimulus  to  private  exertions.  I  make  this  sugges- 
tion, however,  without  any  request  on  the  part  of  these  companies, 
and  even  with  scarcely  a  personal  acquaintance  with  any  of  their 
number. 

DUfwial  Drift  of  Coal. 

Creneral  Chandler  mentioned  to  me  a  mode  of  exploring  for  coal, 
which  he  had  successfully  adopted,  and  which  may  be  of  use  to 
others,  depending  on  a  knowledge  of  the  direction  which  was  taken 
by  the  diluvial  waters  that  deposited  the  deep  accumulation  of  sand 
and  gravel  lying  over  the  coal  region.  It  is  an  ingenious  practical 
application,  and  at  the  same  time  a  beautiful  illustration  and  confirma- 
tion of  the  general  doctrine  advanced  in  ray  former  Report,  that  a 
powerful  diluvial  current  has  swept  over  this  state  from  the  north. 
Whenever  in  digging  into  the  soil  he  found  fragments  of  coal, 
guided  by  this  principle,  he  dug  in  a  northerly  direction  ;  and  never 
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ftiled  to  find  the  number  and  aise  of  the  frtgnients  to  increase  until 
be  arrived  at  the  bed  from  which  they  were  broken.  Following  the 
fragments  in  the  opposite  direction,  they  continued  to  decrease  in 
siM  and  number  until  at  the  distance  of  several  rods  from  the  bed 
they  disappeared.  Hence,  if  in  digpog  through  the  soil  no  fragmencs 
of  coal  should  occur,  it  might  pretty  safely  be  inferred  that  no  bed  of 
much  siae  exists  for  several  rods  in  a  northerly  direction  ;  and  if 
they  are  found,  the  explorer  need  be  at  no  loss  in  what  direction  he 
ivill  find  the  bed. 

Coal  Bed  in  Foxb&nmgh. 

I  ought  perhaps  to  have  described  the  coal  bed  in  Foxborough 
earlier.  For  it  is  only  about  two  miles  from  the  excavations  in 
Mansfield,  and  belongs  to  the  same  coal  field.  Good  coal  was  ob- 
tained there,  formerly,  in  two  places  a  few  rods  apart :  but  the  shafts 
are  now  filled  up.  A  specimen  of  this  coal  gave  the  following  results 
upon  analysis : 

Water, 5 

Carbon, 77 

Earths,  oxides,  &c.,  .         .         .         .16 

100 
Specific  gravity,  1.86. 

The  quantity  of  earthy  matter  here  is  much  larger  than  in  the 
specimens  from  Mansfield  ;  yet  it  is  not  much  laiger  than  some  of 
the  coals  contain  that  are  extensively  used  ;  and  very  probably  the 
specimen  which  I  analysed  was  comparatively  poor.  It  is  not  pro- 
bable, however,  that  this  bed  will  be  re-opeoed  at  present. 

Coal  Btd  in  Cumberland^  Rhode  hland. 

The  coal  bed  in  Cumberland,  Rhode  Island,  ought  also  to  be 
noticed  in  this  connection.  For  although  several  nules  distant  from 
Mansfield,  yet  it  lies  in  the  same  rock  formation,  and  only  a  mile 
or  two  beyond  the  limits  of  Massachusetts.     Thb  has  been  wrought 
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by  the  New  England  Coal  Mining  Company  to  the  depth  of  70 
feet :  but  operations  are  now  suspended  in  consequence  of  the  de- 
struction of  the  works  by  fire.  At  the  out  crop,  beneath  20  feet  of 
diluvium,  its  width  was  9  feet ;  but  at  40  feet  in  depth,  it  had  in- 
creased to  14  feet.  The  dip  and  direction  of  the  bed  correspond 
essentially  with  those  in  Mansfield.  For  these  facts  I  am  indebted  . 
to  Mr.  Foster  Bryant,  who  says  also,  that  there  was  a  decided  in- 
crease in  the  value  of  the  coal  as  it  was  taken  from  successively 
greater  depths.  I  did  not  obtain  any  specimens  for  analysis  from 
this  mine  ;  and  I  confess,  that  when  I  visited  it,  I  was  not  so  favora- 
bly impressed  with  appearances  there  as  at  the  mines  in  Mansfield. 
I  saw  among  the  fragments  thrown  out,  scarcely  any  impressions  of 
vegetables,  and  much  of  the  rock  exhibited  a  glazed  plumbaginous 
appearance,  as  well  as  a  more  crystalline  arrangement  of  parts,  than 
is  usually  found  in  connection  with  good  coal.  This  I  suppose  to 
result  from  the  greater  nearness  of  this  spot  to  the  unstratified  rocks, 
than  the  mines  at  Mansfield.  These  rocks  have  doubtless  once  been 
melted  ;  and  they  have  probably  heated  the  coal  beds  so  much  in 
some  places,  as  to  obliterate  the  organic  remains  and  convert  the 
coal  almost,  and  in  some,  cases  quite,  into  plumbago.  Hence  I 
should  expect  that  the  coal  from  such  spots  would  be  more  difficult 
of  combustion,  and  often  contain  more  ashes.  I  noticed  the  same 
appearances  to  some  extent  at  Foxborough,  and  still  more  strikingly 
at  the  coal  bed  in  Wrentham,  and  both  these  places  are  quite  in 
proximity  with  unstratified  sienite  or  granite.  Mr.  Bryant,  however, 
thinks  the  Cumberland  coal  as  good  as  that  in  Mansfield  ;  and  both 
of  them  nearly  equal  to  that  from  Pennsylvania.  And  I  may  be 
mistaken  in  these  suggestions  ;  but  I  thought  it  might  be  well  to 
mention  the  insalutary  influence  of  unstratified  rocks  upon  coal,  that 
explorers  might  be  put  upon  their  guard. 

Several  other  excavations  in  search  of  coal  have  been  made  in 
Mansfield  and  its  vicinity  ;  but  as  they  are  not  large,  and  little  suc- 
cess has  attended  the  effi>rt8,  I  do  not  think  it  necessary  to  go  into 
details  respecting  them  ;  although  I  visited  all  of  which  I  could 
obtain  any  knowledge. 

The  beautiful  impressions  of  vegetables  found  upon  the  slate  that 
embraces  tbe  coal  at  Mansfiekli  are  deeply  interesting  in  a  scientific 
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pout  of  view,  and  will  receive  due  attention  in  the  proper  place. 
But  I  do  not  think  proper  to  attempt  a  description  of  them  at  this 
time. 

T%e  Worcester  Coal. 

No  attempt  has  been  made  since  my  former  Report  to  resume 
operations  at  the  Worcester  coal  bed,  although  such  I  believe  has 
been  the  intention  of  the  proprietor.  This  coal  being  in  a  decided- 
ly older  class  of  rocks  than  those  at  Mans6eld,  is  of  course  more 
mineralized,  and  will  burn  with  more  difficulty.  Yet  it  is  certun,  that 
it  is  used  to  advantage  in  some  manufacturing  establishments,  if  not 
in  private  families,  and  hence  it  may  be  of  great  importance.  I  have 
nothing  new  to  add  respecting  it,  however,  except  an  analysis  of  an 
ordinary  specimen,  probably  not  the  best,  that  happened  to  be  in  my 
possession. 

Water,  3 

Carbon, 75 

Earths  and  oxides, 30 

100 
Speci6c  gravity,  3.12 

By  looking  at  the  Geological  Map  of  the  State,  it  will  be  seen 
that  the  rock  formation  which  embraces  the  Worcester  coal,  extends 
to  the  mouth  of  Merrimack  river  ;  and  of  course,  coal  may  be  found 
in  other  parts  of  the  formation  besides  Worcester.  In  Bradford, 
where  the  general  aspect  of  the  country,  the  character  of  the  soil 
and  of  the  rocks,  correspond  almost  exactly  to  the  region  around 
Worcester,  an  exploration  is  going  on  for  coal  by  means  of  boring, 
which  has  been  continued  to  the  depth  of  nearly  one  hundred  feet. 
I  saw,  however,  no  peculiar  encouragement  at  this  place,  more  than 
at  almost  any  other  in  the  town.  Should  coal  be  found  there,  it  will 
undoubtedly  be  of  the  same  character  as  that  in  Worcester. 

BUuminouB  Coaly  We$t  Springfield. 

In  my  former  Report  (p.  333, 3d  edition)  a  locality  of  bituminous 
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coal  is  described  on  tbe  north  bank  of  Agawam  river  in  West  Spring- 
field, where  there  is  a  remai-kable  upward  bend  in  tlie  sandstone 
rocks ;  the  arch  having  a  span,  however,  of  only  a  few  rods.  Within 
two  years  past,  the  banks  and  bed  of  the  river  at  this  place  have  been 
somewhat  extensively  excavated  for  building  factories.  The  conse* 
quence  was,  the  bringing  to  light  of  coal  in  larger  quantity,  and  of  the 
most  beautiful  variety,  that  I  have  ever  seen.  (No.  206.)  It  appears 
to  exist  here  in  the  form  of  small  and  irregular  veins,  tlie  coal  also 
being  filled  with  numerous  thin  veins  and  crysullizations  of  calcareous 
spar.  This  is  a  most  remarkable  mode  of  occurrence,  and  very  in* 
teresting  in  a  scientific  point  of  view  :  and  perhaps,  also,  of  conse- 
quence in  a  practical  point  of  view :  otherwise  I  should  not  here 
describe  it.  Coal  is,  indeed,  described  in  geological  books  as  some* 
times  occupying  fissures  in  rocks,  along  with  fragments  of  those 
jrocks  :  but  in  this  case  the  coal  is  broken  by  mechanical  violence. 
Yet  at  West  Springfield,  it  has  evidently  been  filled  into  the  fissures, 
just  as  the  associated  calcareous  spar  was,  by  a  chemical  agency. 
The  latter  may  have  been  deposited  from  water :  but  I  can  conceive 
of  no  way  in  which  the  coal  could  have  been  formed,  but  by  subli- 
mation and  subsequent  solidification,  as  the  temperature  was  reduced. 
In  short,  my  supposition  is,  that  coal  may  exist  beneath  this  spot, 
and  that  by  the  agency  of  trap  rocks,  a  part  of  it  was  melted,  the 
superincumbent  sandstone  forced  up,  and  into  its  fractures  the  melted 
and  sublimated  coal  ascending,  but  not  being  able  to  escape,  was 
reconsolidated  into  coal.  I  am  not  aware  of  any  analogous  fact  hav- 
ing been  noticed  elsewhere ;  and  this  makes  me  less  confident  in  this 
hypothesis.  Yet  every  fact  respecting  this  coal  corresponds  to  it, 
as  does  also  its  chemical  composition.  For  if  it  were  the  result  of 
sublimation,  we  might  expect  it  to  be  free  from  those  earthy  and  me- 
tallic matters,  that  I  believe  have  always  been  found  in  coal  upon 
analysis.  And  such,  it  will  be  seen,  is  the  fact  with  the  West 
Springfield  coal :  or  rather  it  is  free  from  impurity  as  most  crystals 
are.  It  is,  indeed,  difficult  to  separate  mechanically  from  this  coal 
all  the  thin  layers  of  calcareous  spar  with  which  it  abounds,  and  hence 
there  will  often  be  a  small  residuum  after  burning  in  a  platinum  bowl: 
but  diluted  cold  nitric  acid  dissolved  this  almost  entirely,  with  efier- 
vescence  in  three  trials  which  I  made  ;  and  hence  I  conclude  it  to  be 
15 
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darbotMle  of  ]im6)  wMeh  ought  not  to  bo  rookooed  m  n  impuritf  , 
koeauiO  exisliiig  onijr  in  tho  fissures  of  iIm  oosl. 
A  puro  specknen  of  this  eoti  yielded,  opM  ooaljrsis,  ts  follows : 

Volatile  matter,  (water  and  bitumen,)        -        32.00 
Carbon,  ....        77^7 

Earthy  residuum,  -  •  -  0.03 

100. 

The  method  which  I  adopted  to  ascertain  the  amount  of  volatile 
matter,  was  simply  to  beat  the  triturated  coal  in  a  broad  platinum 
bowl,  nearly  to  redness,  until  all  the  bituminous  odor  had  disap- 
peared. This,  I  am  aware,  is  not  a  very  saiisractory  mode  of  de- 
termining the  amount  of  bitumen ;  but  it  is  sufficient  for  my  present 
purpose  to  show,  that  a  rather  large  proportion  of  bitumen  exists  in 
this  coal.  And  every  one  must  see,  that  its  composition  is  such  as 
would  make  it  one  of  the  finest  coals  ever  discovered,  couM  it  be 
found  in  sufficient  quantity. 

If  the  hypothesis  above  advanced  be  true,  there  would  result  as 
an  inference  a  probability,  that,  by  boring  into  the  sandstone  in  the 
bed  of  the  river  at  the  highest  part  of  the  arch,  a  bed  of  cod  might 
be  discovered.  And  since  the  span  of  that  arch  is  so  limited,  it 
seems  hardly  possible,  that  the  upheaving  power  can  be  situated  nKyre 
than  100  or  200  feet  below  the  river :  that  is,  the  trap  rock,  the 
supposed  disturbing  cause,  would  probably  be  struck  before  that 
depth  were  reached  ;  and  since  the  coal,  if  it  exist,  must  tie  above 
the  trap  rock,  this  also  would  be  reached.  Whether  the  prt>babi)ity 
of  finding  a  bed  of  workable  coal  is  strong  enough  to  justify  the 
expendimre  of  a  few  hundred  dollars  in  such  an  exploration,  others 
cohcerned  can  now  judge  as  well  as  myself. 

The  spoit  where  this  coal  occurs,  it  may  be  well  to  mention,  lies 
directly  on  the  route  of  the  rail-road  from  Springfield  to  Albany. 

Taking  the  state  as  a  whole,  peat  is  but  little  used,  either  as  fuel 

or  manure ;  though  most  employed  for  the  latter  purpose.     Yet  for 

both  purposes  iu  use  is  rapidly  increasing,  especially  in  the  eastern 

..part  of  the  state,  where  fuel  is  more  expensive.    In  view  of  its  im- 
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portance,  I  have  made  some  efforts  to  ascertain  its  probable  amount 
in  our  swamps.  But  this  is  very  difficult ;  both  because  our  swamps, 
where  it  occurs,  have  been  but  slightly  explored,  and  because  much 
is  called  merely  mud,  that  deserves  the  name  of  peat.  Several  gen« 
tlemen,  however,  to  whom  I  addressed  inquiries  on  this  subject,  in 
diferent  towns,  have  ventured  to  give  an  opinion  as  to  the  tbickness 
of  the  beds,  and  the  number  of  acres  of  peat  found  there.  The 
following  statement  embraces  nearly  50  towns  ;  though  by  no  meana 
all'io  which  I  know  peat  to  exist.  But  my  object  at  this  time  is  to 
give  data  for  forming  an  appcoxiniate  estimate  of  the  aipouQt  of  this 
deposite  in  th#  state.  Several  other  loealities  will  be  found  ip  my 
onner  Report. 
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It  will  be  seeo,  that  scarcely  any  towns,  in  the  four  western  < 
ties  of  the  state,  are  mentioned  above.  This  is  partly  exphincd  by 
the  fact,  that  fuel  is  more  plenty  there  than  hi  the  eastern  eounties, 
so  that  public  attention  has  never  been  directed  so  raoch  to  our  fossil 
resources.  But  I  think  it  undeniable^  that  the  amount  of  good  peat 
in  the  western  counties  is  much  less  than  in  the  eastern.  Althoi^ 
perhaps  the  swamps  abound  as  much  in  v^table  matter,  that  would 
be  useful  in  agriculture,  yet  it  does  not  seem  to  be  converted  into 
genuine  peat,  though  I  doubt  not  that  it  w91  be  easy  to  find  a  large 
amount  of  it  when  there  is  a  demand  for  it.  Excluding  these  west* 
ern  counties,  and  taking  the  amount  of  peat  given  in  the  above  state- 
ment as  a  (nir  average  of  its  quantity  in  all  die  towns  of  the  other 
counties,  (excluding  the  large  towns,)  it  would  lollow,  that  80,000 
acres,  or  125  square  miles,  are  covered  with  peat  in  that  portion  of 
the  state,  being  an  average  thickness  of  6  feet  4  inches.  This  are« 
and  depth  would  yield  not  far  from  131  millions  of  cords.  If  tUs 
should  be  thought  by  any  to  exceed  the  quantity  of  good  peat  exist* 
iog  in  that  section,  I  presume  no  one  will  consider  it  too  high  an 
estimate  of  the  amount  of  swamps  filled  with  vegetable  matter.  I 
presume  it  falls  far  short  of  the  true  amount.  And  we  hence  get  an 
enlarged  view  of  the  quantity  of  matter  in  the  state  that  may  be  em* 
ployed  as  fuel,  or  in  agriculture,  that  has  hitherto,  exeept  in  some 
limited  districts,  remained  almost  untouched.  It  is  true,  that  peat  is 
not  so  convenient  and  agreeable  a  kind  of  fuel  as  good  wood  or  coal ; 
yet  it  certainly  answers  a  very  good  purpose,  and  the  (acta  in  the 
case  tend  to  allay  the  apprehension,  which  must  sometimes  rise  m 
the  mind  of  one  who  sees,  in  the-  gradual  diminution  of  our  forests,  a 
fuuire  check  to  our  prosperity  and  population.  It  is  gratifymg  to 
learn,  from  so  many  towns,  that  the  inhabitants  are  awakbg  so  much 
to  the  use  of  peat  and  peaty  matter.  Some  gendemen  have  even 
spoken  of  it  as  a  ^*  peat  fever."  I  hope  it  has  not  yeC  reached  iu 
crisis. 


13.    MxTALt^ic  Oms. 

To  this  deparunent  of  our  mioend  resources  I  have  found  time, 
during  the  year,  to  give  but  a  veiy  badequaie  attentioa.    Soma  new 
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localities,  however,  hare  come  to  mj  knowledge,  and  the  results  of 
all  that  I  know  of  them  will  now  be  given. 

Carbonate  of  Iron  in  Embury. 

As  one  passes  from  Newbury  port  to  Kent^s  Island  in  Newbury, 
just  as  he  arrives  at  the  northern  margin  of  the  salt  marsh  surround- 
ing the  island,  he  will  notice  abundant  fragments  of  a  white  rock 
coated  over  with  iron  rust.  Suspecting  it  to  be  carbonate  of  iron  I 
collected  specimens  (No.  176)  and  have  siibjected  one  to  analysis 
with  the  following  results: 

Carbonate  of  lime,  -  -  -  -  45.67 
Carbonate  of  magnesia,  -  «  -  •8.97 
Proto-carbonate  of  iron,  -  •  .  31.76 
Proto-carbonate  of  manganese,  •  •  16.10 
Silica  and  alumina,        -        •        -        •  3.34 

Loss,  4.16 

100. 
Specific  gravity,  £.94. 

The  small  qnantity  of  iron  In  the  specimen  above  analysed,  and 
the  abundance  of  lime  and  magnesia,  leaves  one  in  doubt  whether  it 
ought  not  to  be  regarded  rather  as  a  magoesian  limestone,  containing 
«  large  amount  of  iron  and  manganese.  A  more  important  question 
is,  whether,  with  so  little  iron,  this  mineral  can  be  profitably  wrought. 
And  yet  some  of  the  ores  of  spathic  iron  in  Europe  that  are  smelted^ 
contain  only  a  little  more  than  20  per  cent  of  the  carbonate  of  iron. 
This  ore  is  regarded  in  Europe  as  one  of  the  most  valuable  of  all  the 
ores  of  iron,  especially  for  the  manufacture  of  steel;  the  well  known 
German  steel  being  obtained  from  it:  and  the  character  of  most  of 
the  substances  mixed  with  it  in  Newbury,  especially  of  the  lime,  will 
probably  render  any  other  flux  unnecessary  in  working  it,  unless  it 
be  clay.  At  any  rate,  as  I  noticed  the  quantity  of  the  mineral  to  be 
very  great  at  the  spot  libove  named,  and  as  I  may  not  have  selected 
the  richest  specimens  to  be  found  there,  I  have  thought  it  would  be 
best  to  call  the  attention  of  the  Government  to  the  locality. 
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Magnetic  Iron  in  Warwick. 

It  was  not  till  too  late  io  tlie  autumo  to  visit  the  spot,  that  mj 
attention  was  called  to  a  locality  of  magnetic  iron  in  Warwick,  wbieb, 
from  the  description  given  me,  is  probably  tbe  most  extensive  in  the 
State.  Yet  I  am  told  that  an  attempt  to  work  it  some  years  ago 
was  abandoned,  on  account  of  some  supposed  impurity.  I  felt, 
therefore,  desirous  to  determine  its  composition,  and  having  obtain- 
ed a  specimen  (No.  177)  through  the  kindness  of  Alden  Spooner, 
Esq.,  I  made  a  single  analysis  with  the  following  results: 

Protoxide  and  peroxide  of  iron,        -        -        66.4 
Oxide  of  manganese,  •        -        -        -    16.6 

Silica  and  alumina,  ....        17.0 


100. 
Specific  gravity,  4.47. 

The  large  quantity  of  manganese  in  this  ore  and  its  great  compact- 
ness of  structure,  are  probably  the  cause  of  the  difficulties  that  were 
met  m  attempting  to  work  it.  Probably  they  might  be  overcome  by 
tbe  use  of  anthracite  coal  in  a  blast  furnace,  or  still  more  efiectuaUy, 
by  the  use  of  tbe  hot  air  blast,  which  is  coming  extensively  into  use 
in  our  country:  since  probably  all  that  is  wanted  is  an  increase  of 
heat.  Some  other  substance  besides,  manganese,  whose  presence  is 
injurious,  may  have  escaped  my  notice  io  the  analysis,  especially  as 
I  have  not  found  time  to  confirm  it  by  repetition.  But  an  extensive 
bed  of  good  iron  ore  ought  not  to  be  abandoned  without  veiy  thor- 
ough trial :  and  if  what  I  have  here  given  shall  call  tbe  attention  of 
gentlemen,  who  are  interested  in  the  reduction  of  iron  ore,  to  this  de- 
posite,  my  object  will  be  accomplished. 

Chromitt  of  Iron. 

In  the  second  edition  of  my  former  Report,  (p.  366,)  I  called  tbe 
attention  of  the  Oovemment  to  several  deposites  of  this  uncommon 
and  valuable  ore,  especially  to  one  brought  to  light  in  Chester  by 
Dr.  H.  Holland.     That  gendeman  has  recently  furnished  me  with 
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•dditioaal  information  respecting  the  extent  and  composition  of  this 
ore,  which  I  will  state  in  bis  own  language. 

^'  The  chrome  ore,"  he  says,  ^^  appears  only  in  the  eastern  por- 
tion of  the  serpentine.  I  have  found  three  distinct  ^  out-cropping' 
veins  of  the  ore,  or  more  properly  couehes^  crossing  the  serpentine 
which  is  schistose  and  deep  green,  east  and  west,  from  5  to  18  inches 
in  width.  I  had  a  man  blast  one  of  the  couches,  and  with  a  few 
bogrs'  labor  procured  some  1200  pounds  of  the  ore.  I  have  one 
mass  very  pure  of  60  pounds.^' 

*^  I  have  tested  the  mineral  as  accurately  as  possible  to  determine 
its  comparative  value,  and  found  it  upon  analysis,  similar  to  Uralian 
chromite  of  iron,  giving  from  52  to  53  per  cent  of  oxide  of  chrome, 
as  it  enters  into  composition,  a  protoxide.  The  iron  is  from  33  to 
35  per  cent,  a  peroxide,  by  calcination :  which  removed  by  hydro- 
chloric acid,  from  the  residuum  of  6rst  calcination,  gave  a  di^hui 
trace  ofplaHnum^  ae  I  considered  t<." 

^^  Perhaps  I  might  have  been  mistaken.  I  was  led  to  notice  it, 
from  the  fact  that  platinum  is  found  associated  with  chromite  of  iron 
in  Siberia  as  well  as  in  the  chromite  of  iron  and  iron  sand  of  St. 
Domingo.  The  Chester  chromite  of  iron  has  been  tested  by  the 
Messrs.  Tieman  of  New  York,  practical  chemists.  When  made  fine 
and  freed  from  the  matrix,  silex,  alumina  and  magnesia,  as  pure  as 
usual  for  the  arts  in  gross,  it  is  found  to  yield,  like  the  Maryland 
and  Pennsylvania  chrome  ore,  about  43  per  cent  of  protoxide  of 
chrome,  which  combines  with  the  potash." 

It  is  well  known  that  some  of  the  most  beautiful  paints  in  use,  as 
the  chrome  yellow,  chrome  green,  &c.  are  prepared  from  this  ore. 
And  to  such  a  use  it  is  Dr.  Holland's  intention  to  apply  the  Chester 
chromite,  whenever  it  can  be  done  profitably.  The  foreign  salts  of 
chrome  hav6  till  recently  been  sold  at  so  low  a  rate,  that  it  has  been 
impossible  to  compete  with  them  in  a  country  where  labor  is,so  dear 
as  among  us.  But  these  articles  have  recently  risen  in  market:  and 
it  seems  hardly  possible  to  doubt,  but  that  a  mine  of  chromite  of  iron 
must  ere  many  years  become  exceedingly  valuable.  A  few  years 
since.  Dr.  Holland  prepared  several  salts  from  the  Chester  chromite, 
and  he  has  been  kind  enough  to  send  me  the  only  parcels  of  them 
yet  remaining,  and  I  have  put  them  into  the  collection  forwarded  here- 
16 
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with.  No.  3S0  18  •  specimeD  of  the  Chester  chromate  of  ifoo:  No.- 
321  chromate  of  potassa :  No.  333  obromate  of  lead,  or  cbrone 
yellow :  No.  333  diehromate  of  lead. 

HmnaHu  hm^  Ore.     (Limooite.) 

I  formerly  supposed  that  the  rich  bads  of  this  ore  in  Berkshire 
were  cootilined  in  a  tertiary  formation  ;  but  an  examioatioD  of  manj 
other  beds  in  New  York,  has  satisBed  roe,  that  the  beds,  which  «t 
their  upper  part  are  mixed  with  clay  and  soil,  extend  downwards,  in- 
to the  older  rocks,  the  mica  slate  and  talcose  slate  of  Berkshire 
county.  Indeed,  at  West  Stockbridge,  (the  only  bed  in  Berkshire 
that  I  have  recently  examined,)  the  excavation  has  proceeded  so  far 
as  to  bring  to  view  the  ore  that  has  never  been  disturbed,  having  the 
same  inclination  as  the  rocks  of  that  region ;  while  we  see  that  all  the 
upper  portion  has  been  broken  up  and  mixed  together  by  diluvial 
and  alluvial  action.  This  appears  to  me  to  be  an  interesting  and  im- 
portant fact.  For  had  this  ore  extended  no  deeper  than  the  loose 
soil,  it  would  ere  long  have  been  exhausted.  But  if  it  forms  beds  io 
the  rocks  beneath,  there  is  little  danger  that  the  bottom  of  it  will  ever 
be  reached. 

I  am  informed  by  E.  B.  GarfieM,  Esq.,  that  several  hundred  tons 
of  the  Limonite  have  been  dug  in  the  south  part  of  Tyringham,  and 
that  '*  strong  indications  of  extensive  beds  "  exist  there.  And  I 
have  already  alluded  to  the  probable  existence  of  an  extensive  bed  in 
the  west  part  of  New  Marlborough.  I  mention  these  facts,  because 
no  notice  was  taken  of  them  in  my  former  reports,  and  because  they 
add  another  item  to  the  rich  fist  of  mineral  resources  in  Berkshim 
eeunty. 

Capjmrtit  {Sulphate  of  iron)  jwf^  the  Sulpknret  of  A*aii. 

I  am  informed  by  Ethan  A.  Greeiiw6od,  Esq.^  thai  at  the  cop* 
peras  works  in  Hubbardston,  not  less  than  76  tons  of  that  salt,  of 
good  quality,  are  annually  manufactured,  and  that  the  quantity  of  ore 
is  inekhaaatiUa ;  li  fact  of  which  any  one  I  think  will  be  eonvincedy 
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who  will  visit  the  locality.     I  see  not  why  these  works  inay  oot  be 
carried  on  profitably  to  a  very  great  extent. 

Galena  in  Uxbridge. 

A  veiD,  or  more  probably  a  bed,  of  the  sulphuret  of  lead,  exists 
on  the  farm  of  Chilon  Tucker  in  the  south-west  part  of  Uxbridge. 
It  is  10  quartz  rock  and  has  been  excavated  a  few  feet.  But  the 
indications  are  certainly  not  very  encouraging.  Facts  of  this  de- 
scription, however,  should  be  recorded,  as  they  often  lead  to  valua- 
ble discoveries. 

Blende^  Gakna  and  Copper  Ore  in  Russell. 

John  Gould,  Esq.,  has  sent  me  from  his  farm  in  Russell^  speci- 
mens of  quartz  containing  sulphuret  of  zinc,  sulphuret  of  lead,  and  a 
small  quantity  of  sulphuret  of  copper.  The  ore  with  its  gangue  ex- 
actly resembles  that  at  the  Southampton  mines,  and  I  doubt  not  but 
there  exists  in  Russell  another  vein  similar  to  those  in  Southampton, 
Hatfield,  Williamsburgh,  &c.,  which  I  have  formerly  described.  I 
have  leamedmothing  of  the  extent  of  the  supposed  vein  in  Russell. 

Galena^  Blende,  and  Titanium,  in  AbrtricA. 

A  similar  vein  of  ore  has  been  discovered  in  Norwich,  and  has 
been  wrought  to  some  extent  by  the  proprietor,  Mr.  Quartus  Angell, 
who  has  sent  me  specimens,  and  says,  that  the  vein  is  about  three  feet 
wide.  The  ore,  which  I  consider  as  titanium  without  chemical  anal- 
ysis, appears  in  these  specimens  to  be  more  abundant  than  the 
others.  A  variety  of  porcelain  clay  occurs  at  the  same  place,  which 
I  shall  notice  farther  on. 

Galena  in  West  Stockbridge  and  Alford. 

Charles  B.  Boynton,  Esq.,  of  West  Stockbridge,  informs  me,  that 
galena  occurs  in  the  south  part  of  that  town  ;  and  I  am  told  also  by 
Ro9well  FickiBt,  Esq.,  that  the  same  ore  is  found  a  mile  north  of 
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the  centre  of  Allbrd.  It  is  possible  that  the  two  localities,  beiog  so 
near  each  other,  may  have  been  confounded  ;  but  more  probable  that 
the  same  vein  extends  into  the  two  towns.  I  know  nothing  of  the 
appearance  of  the  ore  in  the  rocks. 

With  the  exception  of  that  in  Uxbridge,  I  have  not  been  able  to 
yisit  any  of  the  above  mentioned  localities  of  lead,  zinc,  and  copper 
ore,  cUefly  because  they  were  in  most  instances  not  made  known  to 
me  till  too  late  in  the  season.  Their  existence,  however,  should  be 
recorded,  and  the  requisite  examinations  can  be  made  at  a  fatore 
time.* 

14.    OcBRES  AND  Stone  Paints. 

It  is  well  known,  that  the  oxide  of  iron,  mixed  with  clay  or  soD, 
forms  the  paints  called  ochres.  Although  very  many  places  in  our 
soils  have  an  ochrey  appearance,  yet  I  have  not  till  recently  met 
with  any  deposites  in  Massachusetts  that  appeared  to  me  to  promise 
much  for  paints.  Those  of  which  specimens  will  now  be  found  ia 
the  collection  herewith  sent,  seem  to  me  worthy  the  attention  of  those 
who  prepare  colors. 

The  deposite  which  promises  far  more  than  any  other  that  I  have 
seeh,  accidentally  arrested  my  attention,  as  I  was  passing  the  farm  of 
Josiah  Sheldon  in  the  west  part  of  New  Marlborough.  In  several  places 
over  a  hill  embracing  a  number  of  acres,  he  has  made  excavations  a 
few  feet  deep,  and  found  an  abundance  of  yellow  and  light  red  ochres, 
(seeNos.  164,  165}  which  probably  might  yield  some  of  the  best 
of  this  sort  of  paints.     And  besides,  it  seems  very  probable,  that 

*  Mr.  Thomas  H.  Twry,  of  Abington,  iofomit  me,  that  not  loo^Moee  teveral  oaoeet  of 
cpiick«lver  wene  washed  out  from  a  bushel  or  two  of  sand  on  the  mai|fin  of  a  pood  on  land 
of  Beojamio  Hobart,  Esq.  That  fentleman  has  shown  me  a  specimen »  and  sajs,  that  the 
sand  ID  which  it  was  found  had  been  previoosl j  carted  from  an  excavation  of  considerabto 
depth  in  the  vicinity.  He  says  that  the  spot  is  quite  an  unfreqoenled  one,  and  that  be  can 
conceive  no  way  in  which  the  quiclcsilver  coold  have  been  accidentally  spilled  there.  He 
has  not,  however,  examined  the  excavation  to  ascertain  whether  more  may  not  be  foond. 
It  would  be  premature  therefore,  to  decide  that  this  is  actually  a  locality  of  native  quickr 
•Over  $  but  the  &et  would  be  so  interesting  should  it  prove  lo  be  so,  that  I  give  this  note  ife 
order  to  excite  to  further  examination.  Near  the  same  spot,  Mr.  Hobart  informs  me  an  exc^ 
▼ation  a  few  feet  deep  has  been  made  in  search  of  coal  in  the  graywacke,  and  tome  isa- 
para  •peeiBaas  ofaftaiiMdi  and  pftparationa  ara  BaJdng  for  Airtbar  asploraliaiii. 
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there  will  be  found  in  this  field  a  rich  bed  o(  the  hydrate  of  iron,  or  the 
bematitic  iron  ore,  so  abundant  in  other  parts  of  Berkshire  county. 

No.  163  was  obtained  from  what  is  called  the  Jewett  rarm,  in  the 
north  part  of  Rowley,  on  the  road  to  Newbury.  It  occurs  in  a  low 
spot  of  ground,  and  has  been  formerly  used  for  painting  a  house. 
The  specimen  is  of  a  coarser  texture  than  those  from  New  Marlbo- 
rough :  but  the  former  excavation  was  nearly  filled  up,  and  I  had  no 
time  to  have  it  re-opened  ;  so  that,  perhaps,  this  specimen  does  not 
exhibit  a  fair  sample  of  this  locality. 

No.  161  was  sent  me  from  Athol,  by  Alden  Spooner,  Esq.,  who 
says  that  it  occurs  in  the  north  part  of  the  town,  and  also  in  Temple- 
ton  ;  but  he  gives  no  farther  particulars. 

No.  J  62  is  from  Monroe,  for  which  I  am  indebted  to  Martin  Bal- 
lon, Esq.  He  informs  me,  that  it  was  formerly  dug  to  some  extent 
and  prepared  for  paint ;  but  not  being  in  much  demand,  the  work 
was  abandoned.     It  certainly  appears  as  if  it  might  be  valuable. 

While  this  report  was  in  press,  I  received  from  Bedford  a  speci- 
men of  yellow  ochre  of  very  good  quality ;  but  too  late  to  be  added 
at  present  to  the  state  collection.  I  am  informed  that  it  occurs  there 
^'  in  two  or  more  places,"  and  ip  considerable  quantity. 

In  my  former  Report,  I  suggested  the  use  of  the  sulphate  of  bary- 
ta, which  occurs  in  great  quantity  in  Hatfield,  as  a  paint — a  patent 
having  been  taken  out  for  its  preparation.  But  I  am  not  aware  that 
the  Hatfield  stone  has  been  employed  for  this  purpose.  Other  rocks, 
also,  which  have  of  late  been  used  as  lithic  paints,  abound  in  this  state. 
Soapstone,  of  which  we  have  such  inexhaustible  quantities,  is  consid- 
ered best  for  this  purpose,  and  serpentine  is  also  employed.  These 
are  ground  with  whale  oil ;  and  in  Connecticut,  where  they  have 
been  manufactured,  they  are  sold  for  five  dollars  per  hundred  pounds. 
They  answer  a  good  purpose  as  a  basis  for  common  paints,  espe- 
cially for  the  roofs  of  houses.  I  should  presume  that  the  newly  dis- 
covered serpentine  in  Lynnfield  is  very  well  adapted  for  this  object, 
being  unusually  soft  and  free  from  foreign  minerals. 

15.     Moulding  Sand. 
I  have  been  surprised  to  find,  on  inquiry  of  gentlemen  in  various 
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parts  of  the  state,  who  are  engaged  io  castiog  iron  and  brass,  that 
nearly  all  their  moulding  sand  is  brought  from  bejond  the  limtts  of 
the  state  ;  and  most  of  it  from  as  great  a  distance  at  least,  as  Hudson 
river.  I  feel  a  strong  confidence  that  this  need  not  be  always  thus ; 
and  that  careful  research  may  bring  to  light  good  moulding  sand 
witbia  our  own  limits.  Captain  Lemuel  Drake,  of  Eastoo,  who  has 
the  management  of  extensive  castings  in  iron,  ioforiBs  me,  that  be 
has  obtained  moulding  saod,  though  not  of  the  best  quality,  in  Bridge- 
water,  Medfield,  Easton,  and  Foxborough.  No.  166  is  a  specioien 
from  the  last  named  place,  and  No.  167  is  from  Montague ;  which 
I  have  placed  in  the  Collection  because  it  bears  a  resemblance  to 
good  moulding  sand,  although  it  has  not  been  thoroughly  tried.  For 
a  similar  reason  I  have  put  up  No.  168,  from  Norwich.  It  appears 
to  be  the  result  of  the  decomposition  of  granite,  and  may  perhaps 
answer  in  the  castii^  of  brass.  I  have  one  or  two  other  specimens, 
which  I  mean  as  soon  as  possible  to  submit  to  the  examination  and 
trial  of  men  practically  acquainted  with  the  subject. 

A.  A.  Hayes,  Esq.,  of  Roxbury,  informs  me,  that  a  variety  of 
quicksand  is  sometimes  empk>yed  there  by  the  brass  founders,  and 
that  it  makes  a  sharp  impression.  The  same  substance  is  used  in 
Carver,  as  I  am  told,  by  John  Savery,  Esq.,  for  parting  the  moulds 
of  castings,  and  for  the  case  of  tea-kettle  spouts. 

My  statements  on  this  subject  are  so  immature  and  meagre,  that 
I  should  not  give  them,  did  I  not  hope  thereby  to  excite  observing 
men  to  notice  substances  that  might  be  employed  for  moulding  sand, 
which  may  fall  in  their  way. 

16.    Porcelain  and  Pipe  Clay. 

Kowing  how  important  in  several  manufactures  is  white  clay 
which  contains  no  iron,  and  how  rare  it  is  in  New  England,  I  have 
sought  after  it  with  care.  It  has  long  been  known  that  such  a  clay 
exists  at  Gay  Head,  and  in  other  places  on  Martha's  Vineyard  ;  and 
it  has  been  used  for  several  purposes :  yet  it  is  not  delicate  enough 
for  the  manufacturer  of  porcelain,  though  valuable  for  coarser  articles. 
During  the  past  winter,  specimens  have  been  sent  me  from  the  vi- 
cinity of  the  lead  and  zinc  ore  in  Norwich,  ooticed. above,  which 
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appear  to  be  a  rariety  of  porcelna  clvf  $  and  so  far  as  I  can  judgd 
from  the  imperfect  description  that  has  been  furnished  me,  it  ap- 
pears to  be  abundant.  Some  of  thiS)  along  with  a  specimen  from 
Oay  Head^  I  bare  subjected  to  analysis  in  the  usual  way,  and  ob- 
tained the  following  results : 


Gay 

Head  Clay. 

Jfonrieh  Clay. 

Water  of  AbsorptioD,  > 

9.00    - 

8.00 

Silica,    - 

62.26 

63.40 

Alumina^    ... 

29.31     - 

-      36.26 

Lime,    -        -        - 

0.18 

0.24 

Magnesia,  -        -        - 

0.46    - 

0.68 

Manganese, 

0.16 

-    0.20 

Loss,           ... 

.        .        - 

1.22 

101.35  100. 

No  iron  could  be  detected  in  the  above  specimens ;  (Nos.  144 
and  145  of  the  Collection.)  And  since  clay  of  this  description  is 
so  important  for  the  manufacture  of  fine  bricks,  white  pottery,  and 
porcelain,  it  will  be  an  object  to  have  farther  examinations  made  of 
the  Norwich  bed.  Its  composition  corresponds  very  well  wiiii  that 
of  many  of  the  European  porcelain  clays,  although  I  believe  in  them 
no  manganese  has  been  detected.  But  the  minute  quantity  found  by 
me  cannot  affect  the  value  of  the  clay.  Some  of  this  clay  is  quite 
hard. 

It  is  by  no  means  all  of  our  white  clays  that  are  destitute  of  iron, 
as  may  be  seen  by  examing  Nos»  142  and  143*  And  it  may  be  well 
to  mention  an  easy  method  of  determining,  when  chemical  tests  are 
not  at  hand,  whether  a  clay  contain  iron  or  not.  If  it  does  not  it  will 
not  turn  yellow  or  red  when  burnt  strongly  in  tlie  fire.  The  red  coU 
or  of  our  common  bricks  is  occasioned  by  the  iron  which  they  con* 
tain,  and  which  is  peroxidised  by  the  heat. 

It.      CLaY  as  a  SUaiTtTtJTfi  Foil  PtTLLfcR^S  EaRTB. 

In  my  former  Report  I  mentioned  the  fact,  that  the  commott  clay 
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of  the  Coonecticut  valley  had  been  used  as  a  substitute  for  Fuller's 
Earth.  But  I  was  not  till  recently  aware  how  extensively  this  sub- 
stitution had  been  made.  I  am  told  by  the  Agent  of  the  WooUeo 
Factory  in  Northampton,  that  this  substitution  is  made  very  exten- 
sively in  this  state  and  in  Connecticut,  and  that  the  clay  is  considered 
even  better  than  the  Fuller's  Earth  for  cleansing  the  dye-stuff  from 
cloth.  That  in  Northampton  has  been  considered  as  rather  better 
than  in  other  places  ;  and  hence  it  is  transported  often  quite  a  dis- 
tance. It  is  also  used  in  private  families  for  extracting  grease  and 
oil  from  cloth.  It  is  first  made  into  a  paste,  and  then  applied  and 
suffered  to  dry.  It  doubtless  operates  by  its  great  absorbing  power. 
When  applied  to  the  tongue  it  adheres  very  firmly.  No.  183  is  a 
specimen  from  Northampton. 

I  learn  that  the  clay  in  the  north  part  of  Worcester  County  is  em- 
ployed in  the  same  manner  ;  and  I  doubt  not  but  the  variety  proper 
for  this  use  may  be  found  in  many  parts  of  the  state  ;  although  that 
in  the  valley  of  the  Connecticut  appears  to  be  rather  better  than 
any  that  I  have  met  with  elsewhere.  Fullers'  earth,  which  is  brought 
from  England,  sells,  I  am  told,  for  $10  per  ton.  The  clay  can  cost 
nothing  but  the  transportation. 

18.    Feldspar  and  Albite  por  the  glazing  of  Porcelain 

Ware. 

The  articles  of  pottery  and  porcelain  made  from  white  clay  need 
to  be  covered  with  a  glaze  of  some  other  substance:  that  is,  with  an 
enamel,  or  glass:  for  the  clay  in  its  pure  state  does  not  melt  in  com- 
mon furnaces.  Now  feldspar  and  albite,  whose  composition  is  very 
much  alike,  except  that  the  latter  contains  soda  and  the  former  po- 
tassa,  on  account  of  the  alkalies  in  their  composition,  may  be  melted 
in  a  strong  beat:  and  hence  they  are  employed  for  the  most  delicate 
kinds  of  glazing.  Common  glazing,  which  consists  of  powdered 
gun  flints,  litharge  and  table  salt,  is  so  soft  as  soon  to  yield  to  the 
mechanical  and  chemical  agents  to  which  the  articles  are  exposed ; 
and  it  would  be  very  desirable  that  feldspar  might  be  employed  in  all 
cases,  though,  as  the  process  for  its  preparation  is  at  present  con- 
ducted, it  would  be  more  expensive. 
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I  know  of  DO  attempt  to  employ  any  of  the  feldspar  of  Massaehu^- 
setts  fof  ^a^g ;  and  yet  we  possess  in  our  granites,  sienites,  and 
f  oeissy  inexhaustible  quantities,  and  much,  no  doubt,  pure  enough  for 
this  purpose.  Can  there  be  any  doubt,  for  instance,  but  that  the 
adularia  of  Brimfield,  Southbridge,  &c.  would  furnish  a  most  admi- 
rable article,  since  it  is  nothing  but  the  very  purest  variety  of  feld- 
spar. The  best  locality  of  albite  in  the  state  is  in  the  north-west  part 
of  Chesterfield,  on  the  farm  of  Mr.  Clark:  and  I  have  understood 
that  it  has  been  purchased  not  long  since,  by  a  company  in  New 
York,  for  the  purpose  of  using  it  in  the  manufacture  of  China  ware, 
or  porcelain:  but  I  have  not  learned  whether  they  are  now  prosecut* 
ing  the  work. 

Beds  of  feldspar  and  albiie  have  been  quarried  in  Connecticut, 
within  a  few  years  past,  with  much  success.  In  Middletown  alone, 
inlhe  year  1836,  seven  hundred  tons  were  dug  out ;  six  hundred  of 
which  were  shipped  to  Liverpool.* 

19.     Feldspar  and  Mica  for  obtaining  Potassa. 

Good  feldspar  contains  nearly  20  per  cent,  and  mica  16  per  cent, 
of  potassa  ;  and  it  has  recently  been  proposed  in  Europe  to  extract 
the  alkali  by  calcinajtion  with  lime.  While  our  forests  remain  so 
extensive  as  at  present,  we  shall  not  need  to  resort  to  this  method 
to  obtain  potassa.  But  should  coal  ever  become  the  principal  fud, 
it  is  gratifybg  to  know  that  we  have  so  abundant  a  source  of  this 
valuable  substance.  Albite,  treated  in  like  manner,  would  yield 
soda,  though  only  about  9  or  10  per  cent. 

20.     Materials  por  Water-Proof  Cement. 

I  have  already  expressed  the  opinion  that  the  best  materials  in  the 
state  for  making  a  mortar  that  will  harden  under  water,  and  which 
goes  by  the  name  of  Water  Cement,  Hydraulic  Cement,  Roman  Ce- 
ment, &c.,  had  not  yet  been  used.  I  presumed  that  the  argillo-femi- 
ginous  limestone,  of  Springfiekl  and  West  Springfield,  (No.  185,) 

*  Prof.  Shephard'i  Geological  Report,  p.  7S. 
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much  of  which  occurs  in  nodules,  which  are  now  thrown  away,  is  much 
better  adapted  to  this  purpose  than  the  fetid  limestone  in  use.  I  am 
confirmed  in  this  opinion  by  the  following  remarks,  which  I  have  trans* 
lated  from  a  recent  work  by  Professor  Mitscberlich,  of  Berlin,  than 
whom  no  better  authority  could  be  quoted.  He  says,  '^  the  best  hy- 
draulic lime  is  obtained  from  an  argillo-calcareous  rock,  which  is  found 
in  concretionary  masses  in  marl ;  (the  West  Springfield  rock,  would  in 
Europe,  probably,  be  called  red  mark.)  If  this  be  reduced  into  a 
thick  paste  by  water,  it  becomes  solid  as  rapidly  as  gypsum :  its 
solidity  increases  with  the  time  during  which  it  is  immersed,  (in 
water,)  and  it  finally  acquires  the  hardness  of  limestone."*  I  felt 
some  little  doubt  what  might  be  the  effect  of  the  magnesia  which 
analysis  shows  this  rock  to  contain.  But  Mitscberlich  says,  that  *<  ac- 
cording to  experiments  in  the  small  way,  magnesian  limestone  merits 
the  preference  over  the  carbonate  of  lime."  So  that  I  very'^much 
hope  that  some  of  our  enterprising  citizens  will  make  a  trial  of  this 
limestone — tons  of  which  can  easily  be  obtained  where  excavations 
are  going  on  in  the  Springfields. 

Another  substance  mentioned  by  this  writer  as  valuable  for  water- 
proof mortar,  deserves  to  be  noticed,  especially  as  it  may  be  of 
service  to  the  inhabitants  of  Berkshire,  where  the  common  hydraulic 
limestone  does  not  occur.  ^'  A  marl,''  says  Mitscberlich,  '^  which 
contains  from  13  to  19  per  cent  of  clay,  makes  a  good  hydraulic 
mortar ;  and  if  the  clay  contains  an  excess  of  silica,  this  circum- 
stance increases  the  good  qualities  of  the  mortar."  He  refers,  I 
presume,  to  indurated  marl :  but  I  know  of  no  reason  why  that  which 
is  pulverulent  may  not  answer  equally  weU,  after  being  burnt  into 
quicklime. 

Another  mode  of  preparing  the  water-proof  mortar,  is^by  mixing 
certain  substances  with  lime  in  particular  proportions.  Puzzolanay 
which  is  a  substance  ejected  in  former  times  from  volcanoes — a  kind 
of  volcanic  ashes — is  one  of  the  ingredients  that  has  been  employed 
from  the  earliest  times.  Trass  or  TarraSf  is  a  vesicular  decooa- 
posing  basalt,  which  has  been  extensively  employed  for  the  same 
purpose  in  Holland,  in  the  construction  of  dykes  against  the  sea.  I 
am  satisfied  that  the  vesicular  decomposing  amygdaloid,  so  common 

*  Eltoenf  da  Chimia,  par  E.  Mittcherlieh,  Profatsor  da  Chimia  «  fiariin,  dee. ;  lome  Trai- 
•iama,  p.  ISO.    Braxallaa,  18S6. 
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in  the  region  of  Connecticut  ri7er,  is  so  very  similar  to  tarras  and 
puzzolana,  that  it  might  profitably  be  employed  for  the  same  purpose. 
I  have  accordingly  subjected  a  specimen  to  analysis,  (No.  160,) 
taken  from  Mount  Holyoke,  in  the  north-east  part  of  Belchertown, 
where  great  quantities  of  it  may  be  obtained.  The  following  are 
the  results. 

Water, 8.50 

Silica,     ..--'.--  53.70 

Alumina, 13.00 

Peroxide  of  Iron,              .         .        -        .  21.00 

Oxide  of  manganese,     -        -         -         -  0.19 

Lime,              0.70 

Magnesia,             -         -         -        -        -  0.15 

Sulpher,  and  loss,              •        .         -         -  2.76 


100. 


By  an  analysis  of  Bergmann,  puzzolana  has  the  following  compo- 
tion  : 

Silica,  -         -        -         -         -  55  to  60  per  cent. 

Alumina, 19  "  20       " 

Calcareous  matter,        -        -        -  5  "     6       " 

Iron, 15  "  20       " 

The  corresponrience  between  this  analysis  and  the  one  which  I 
have  given,  is  near  enough  to  show  that  in  all  probability  both  would 
answer  almost  equally  well  for  the  water  cement.  And  I  strongly 
hope  that  this  substance,  for  which  there  is  such  an  increasing  de- 
mand, will  not  much  longer  be  imported  from  Europe. 

21.     Steatite  or  Soapstone. 

Waving  a'l  remarks  respecting  the  strictly  scientific  meaning  of 
the  terms  steatite  and  soapstone,  I  include  in  them  all  those  soft  unc* 
tuous  rocks,  useful  for  economical  purposes,  which  are  composed  al- 
most entirely  of  talc.  And  my  object  is  not  to  give  any  farther  ac- 
count of  those  extensive  and  numerous  deposites  of  this  substance  in 
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Massachusetts  which  are  described  in  my  former  report,  but  merely 
to  notice  a  few  new  localities. 

No.  214  is  a  specimen  of  laminated  green  talc  from  Fitchburg.  I 
am  told  that  the  bed  is  four  feet  thick,  and  most  of  it  of  a  much  6oer 
grain  than  this  specimen.  A  smaller  specimen  sent  me  is  nearly 
compact.  If  enough  of  either  kind  can  be  obtained,  free  from  for- 
eign  minerals,  there  is  no  doubt  but  it  may  prove  valuable. 

Dr.  Anthony  Jones,  of  Newburyport,  informs  me,  that  he  has  dis- 
covered and  owns  a  bed  of  soapstone  on  the  banks  of  the  Merrimack, 
two  miles  west  of  that  place.  But  as  I  have  seen  neither  a  specimen 
nor  the  locality,  I  can  say  nothing  more  respecting  it. 

The  most  interesting  and  important  locality  of  this  rock,  not  for- 
merly described,  is  in  the  east  part  of  Andover,  four  miles  from  tbe 
Theological  Seminary.  The  bed  lies  in  hornblendic  gneiss,  whose 
stratification  is  very  irregular  and  indistinct ;  but  I  ascertained  its  di- 
rection to  be  almost  N.  E.  and  S.  W.  and  its  dip  large,  correspond- 
ing in  both  respects  with  the  great  deposite  of  gneiss  extending  di- 
agonally across  the  state.  The  bed  is  not  less  than  50  feet  thick  ; 
and  has  been  opened  by  the  proprietors,  Flint,  Jenkins  &  Co.,  sev- 
eral rods  in  length.  They  have  wrought  it  for  a  variety  of  purposes, 
and  it  admits  of  being  smoothed  so  as  to  appear  well.  Its  composi- 
tion is  remarkably  uniform,  consisting  essentially  of  rather  hard  folia- 
ted talc,  though  occasionally  a  black  mineral  is  disseminated  through 
it,  which  appears  to  be  hornblende.  Its  strength  appears  to  be 
greater  than  marble ;  as  the  proprietors  informed  me  that  a  square 
piece  2  inches  thick,  laid  on  two  supports  IS  inches  apart,  sustained 
800  pounds,  laid  upon  a  spot  in  the  centre  only  half  an  inch  wide  ; 
860  pounds  broke  it. 

The  specimen  No.  213  gives  no  idea  of  this  rock,  except  as  it  is 
newly  broken  from  the  quarry.  The  proprietors,  however,  inform 
me,  that  one  or  two  monuments  made  from  it,  have  been  placed  at 
Mount  Auburn.  And  for  such  a  purpose  it  seems  well  adapted.  I 
cannot  but  believe  that  this  rock,  which  is  certainly  a  peculiar  one, 
and  quite  different  from  ordinary  soapstones,  will  ere  long  come  into 
extensive  use,  and  the  enterprizing  proprietors  be  rewarded  for  their 
expense  and  perseverance.  It  aeems  applicable  to  nearly  every  use 
for  which  marble  is  employed. 
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Large  boulders  of  this  rock  are  scattered  over  a  considerable  space 
around  the  quarry,  in  an  east  and  west  direction,  and  since  the  dilu- 
vial current  in  this  region  was  from  the  north,  these  boulders  render 
it  probable  that  the  bed  is  far  more*  extensive  than  the  spot  which  i^ 
opened  ;  or  that  other  beds  occur  beneath  the  surface. 

22.     Serpentine  or  Verd  Antique  Marble. 

A  remarkably  interesting  bed  of  serpentine  has  been  recently  dis« 
covered  in  the  town  of  Lynnfield,  near  the  centre  of  the  place,  where 
a  quarry  has  been  opened.  The  proprietor,  Mr.  James  C.  Nichols, 
informs  me  that  he  has  traced  the  bed  in  a  north-east  direction  from 
this  spot  two  or  three  miles.  Where  it  crosses  the  county  road 
leading  from  North  Reading  to  Salem,  about  a  mile  and  a  half  from 
the  quarry,  a  large  quantity  was  blasted  out,  which  was  too  hard  to 
be  wrought  without  great  difficulty.  The  bed  has  not  been  traced 
far  to  the  south-east  of  the  quarry,  as  the  rocks  are  mostly  concealed 
by  diluvium.  But  the  great  quantity  of  serpentine  blocks  scattered 
in  a  rather  south-west  direction  for  two  or  three  miles,  show  that  it 
does  extend  that  way  a  considerable  distance  :  while  their  great 
number  gives  us  a  striking  jdea  of  the  extent  of  the  whole  bed. 
There  can  be  no  such  thing  as  exhausting  it.  Its  width  in  some 
places  is  not  less  than  nine  or  ten  rods. 

Although  on  the  Geological  Map  of  the  State  I  have  represented 
sienite  as  existing  at  the  centre  of  Lynn6eld,  yet  from  the  direction 
of  the  bed  of  serpentine,  as  well  as  the  character  of  the  diluvium,  I 
am  satisfied  that  it  is  embraced  in  the  great  gneiss  formation  whose 
strata  run  from  north-east  to  south-west  across  the  state.  Probably 
the  bed  is  not  far  from  the  eastern  limits  of  this  formation. 

This  serpentine,  for  the  most  part,  appears  to  form  that  variety 
which  goes  by  the  name  of  Verd  Antique  Marble.  When  first 
quarried,  "  it  is  much  softer;"  says  the  proprietor,  "than  any  marble 
I  have  seen.  It  can  be  cut  with  a  handsaw,  or  turned  in  a  lathe, 
nearly  as  easy  as  lignum  tfitae ;  but  while  in  this  soft  state  it  will 
not  receive  so  high  a  polish."  The  specimen  No.  215,  which  was 
polished  and  presented  to  the  state  collection  by  Mr.  Nichols,  will 
give  an  idea  of  common  specimens  of  this  stone.     He  says  that  ^' this 
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serpentine  can  doubtless  be  wrought  with  less  expense  than  common 
marble.  We  h;ive  made  but  a  small  opening,  yet  we  have  obtained 
some  sound  slabs  five  feet  in  length ;  and  we  shall  doubtless  find 
the  stone  sufficiently  sound  to  afford  slabs  large  enough  for  any  ordi- 
nary purpose.  We  have  not  manufactured  much  of  the  stone,  nor 
offered  any  for  sale:  yet  we  have  full  confidence  that  it  would  find  a 
ready  market." 

Should  it  prove  that  this  serpentine  cap  be  afforded  at  a  cheaper 
rate  than  marble,  I  cannot  see  why  it  must  not  come  into  extensive 
use  in  all  cases  where  a  stone  of  a  dark  shade  is  preferred  ;  though 
there  will  doubtless  be  found  on  exploration,  pieces  of  various  shades. 
The  situation  of  the  quarry  so  near  the  sea  board,  and  in  proximity 
with  several  of  the  largest  towns  of  New  England,  is  an  additional 
reason  why  I  look  upon  the  discovery  as  one  of  much  promise. 

Dr.  C.  T.  Jackson  has  analysed  this  serpentine  with  the  follow- 
ing results : 

Silica, 37 

Magnesia, 42 

Oxide  of  Iron, 2 

Water, 15 

Loss,      •..••.  .  4 

100 

Dr.  Jackson  suggests,  that  Epsom  salts  (sulphate  of  magnesia) 
and  carbonate  of  magnesia,  may  be  manufactured  from  this  rock:  and 
he  says  that  from  100  grains  of  the  rock  he  prepared  127  grains  of 
dry  sulphate  of  magnesia,  which,  when  crystalized,  will  form  178 
grains  of  Epsom  salts.  This  will  give,  by  decomposition  with  the 
carbonate  of  potassa  or  soda,  98  grains  of  the  common  carbonate  of 
magnesia  of  the  shops.  A  similar  suggestion  might  be  made  in  re- 
spect to  the  many  other  beds  of  serpentine  in  the  state. 

I  here  close  my  Report:  not  because  I  have  exhausted  the  mate* 
rials  in  my  hands ;  but  because  some  other  points,  which  I  would 
gladly  have  presented,  have  been  examined  by  me  too  little  to  ena- 
ble me  to  offer  any  remarks  upon  them  that  will  be  of  importance. 
I  have  been  surprised  at  the  number  of  new  objects  of  interest  and 
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value  that  have  continued  to  offer  thenoselves  to  my  attention,  up  to 
the  very  day  on  which  I  close  this  Report.  If  I  have  presented 
results  enough  to  satisfy  the  Government  that  a  re-examination  of 
our  geology  was  not  a  useless  labor,  and  that  still  farther  develope* 
ments  may  be  expected,  of  pecuniary  importance,  as  the  fruit  of  still 
farther  researches,  I  shall  be  satisfied.  And  should  they  wish  me 
to  prosecute  my  inquiries  to  a  more  mature  result,  I  shall  rejoice,  if 
a  kind  Providence  permit,  to  resume  the  labor  ;  in  the  confident 
belief,  that  whoever  contributes,  even  in  the  feeblest  measure,  to  the 
prosperity  of  our  beloved  Commonwealth,  is  indirectly  promoting 
the  welfare  of  the  whole  human  family. 

Most  respectfully  submitted, 

EDWARD  HITCHCOCK. 
Amhtrsi  CoUege^  April  Ut^  1838. 
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